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Introduction to the whole report 
A. Background 

In 1963 a retrospective study was carried out in the Teesside area 
with the objective of obtaining: information about the main factors 
thought likely to be associated with lung cancer and bronchitis 
mortality. The report on the study, which gave particular attention 
to evaluating the relative associations that smoking and exposure to 
air pollution have with mortality from these causes, was published as 
Tobacco Research Council Research Paper No. 8 ’’Report on a study of 
environmental factors associated with lung cancer and bronchitis 
mortality in areas of North-East England” by A.J. Wicken and 
S.F. Buck. 

In 1972 it was decided to go back to the area and to carry out a 
second retrospective study. This second study, which was carried out 
in 1973, is described in this Research Paper. 

In the intervening ten years a development took place which had a 
particular bearing on the methods and objectives of the second study. 
This was the marked change which occurred in the pattern of smoking 
habits in the United Kingdom <I*€e, 1976), In 1963 only 33% of 
cigarettes smoked had filters, the rest being plain. This percentage, 
which had risen,from as, little as 1% in 1953, continued to rise until, 
by 1973, it had reached 83%. Associated with this switch to filter 
cigarette smoking there was, as shown in Table 1, a marked drop in 
the average tar level of cigarettes smoked. 

TABLE 1 

Trends in tar yields between 1963 and 1973 in the United Kingdom 


Year 

Filter 

cigarettes 

Plain 

cigarettes 

All cigarettes 


% sales 

Mean tar 

% sales 

Mean tar 

Mean tar 

1963 

32,8 

n. a. 

67.2 

n.a. 

n.a. 

1965 

53.0 

29,3 ■ 

47.0 

35,0 

31.4 

1967 

65.9 

23.2 

34,1 

32.6 

26.0 

1969 

75,5 

21.8 

24.5 

30.3 

23.9 

1971 

79, 8 

19,8 

20.2 

27.7 

21,3 

1973 

83.0 

17.4 

17.0 

24.6 

18.7 

Note: 

n.a. = data not available 
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Th.e first objective of the second study, therefore, was to see 
whether a smoker of filter cigarettes is less at risk of dying from 
one of four diseases associated with smoking than an otherwise 
equivalent smoker of plain cigarettes. 

The second objective was to determine the changes that had occurred 
in mortality from lung cancer and bronchitis since 1963 and to 
“attempt to relate these to changes that had occurred in the smoking 
habits of the population and in air pollution levels. 

The study area 

Since 1963 some changes had also occurred in the names and 
boundaries of the local government areas in and around the original 
study area. In 1963 the study had been carried out in siz areas,- 
namely Sston U.D., Stockton’-'Cn-Tees M.B. and a group of four rural 
districts (Croft B.B*, Northallerton B.D ,, Eichmond E.D. and 
Stokesley B.D.), In 1968 Eston U.J3., Stockton-on-Tees M.B. and part' 
of Stokesley were merged with various districts (including 
Middlesbrough) to form Teesside C.B, In 1974 Teesside C.B. was 
combined with Hartlepool C.B., four urban districts (Guisborough H.D. 
Loftus U.D*, Skelton and Brotton H.D. and Saltbum and Marske-by-the- 
Sea U.D.), Stockton R.B. and a further part of Stokeley to form the 
new Cleveland County, 

To meet the second objective of the study it was clearly necessary 
to restrict ourselves to the original 1963 study area. However, for 
research on the. first objective it was decided to cover the whole of 
Cleveland County as it was of a suitable size, clearly defined and 
likely to remain unchanged for many years. In the event, however, 
the study area excluded Stockton R.D, which was in fact incorporated 
in the new county when it was set up in 1974. Thus, although we 
refer in the text subsequently to "Cleveland County" we really mean 
the somewhat smaller- area actually covered. As Stockton R.D. 
contains less than 4% of the total population of the county, omitting 
it can only have a marginal effect at most. 

Map 1 illustrates the total area covered in 1973, map'2 the area 
relevant to the first objective and map 3 that relevant to the second. 
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Outline of study method 


The method used for the 1973 study was essentially the same as that 
used in 1963. Relatives of decedents from the diseases of interest 
were interviewed and information obtained as to the smoking habits 
and other relevant characteristics of the decedents. This 
infoTzaatlon was compared with that obtained from a control sample of 
the living population. 

Under the first objective it was decided to study mortality from 
coronary heart disease and cerebrovascular disease in addition to 
lung cancer and chronic bronchitis. Deaths in Cleveland County 
occurring in the lew years immediately preceding the study were 
covered. 

For the second objective attention was focussed on deaths from lung 
cancer and chronic bronchitis occurring over the whole period from 
1963 to 1972 in the 1963 study area. 

The information obtained in the study was supplemented by additional 
data obtained from three other sources. Firstly, data on air 
pollution from 1964 to 1973 were obtained from Cleveland County 
Council. Secondly, as a check on changes in habits that had occurred 
in recent years, regional smoking data for 1969 to 1972 were obtained 
from Imperial Tobacco Limited. Thirdly, Information on the lung 
cancer decedents was provided for us, where available, from hospital 
records, not only as to the histological type of the lung cancer, but 
also as to what the decedents had said they had smoked when they were 
in hospital. 
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The two parts of the report 

Although there is some degree of overlap of data, both on decedents 
and on living controls, relevant to both objectives, it is convenient 
to consider them separately in the report. The first part of the 
report, "Factors related to mortality from lung cancer, bronchitis, 
heart disease and stroke in Cleveland County, with particular 
emphasis on the relative risks associated with smoking filter and 
plain cigarettes", is presented in this volume, and deals with the 
first objective. 

The second part of the report, "Changes in lung cancer and bronchitis 
mortality and in other relevant factors occurring in areas of North- 
East England 1963-1973", will be published as a separate volume and 
will cover the second objective. 

In addition to giving the findings of the study, the separate parts 
of the report give fuller details of the methodologry used than those 
given in section D above. 
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disease and stroke in Cleveland County, with particular eiaphasis 
' ot 3 l tixe rela-tive risks associated with smoking filter and plain 

cigarettes. 

I.1 Introduction to Part I 

As indicated in the introduction to the report as a whole, the study 
was carried out, in 1973, by interviewing relatives of those who had died | 
in Cleveland County from the four diseases of interest, obtaining } 

information as to the smoking habits and other relevant characteristics of | 
the decedents, and comparing it with that obtained from a control sample 
of the living population. Sections 1,2 to 1.4 describe the methodology 
used for the collection of these data. 

Section 1.5 gives details of the sources and nature of the 
supplementary information which was collected. The statistical method 
used for the analysis of the results is described in section 1.6, while 

\ 

section 1.7 comments on problems that exist in interpreting the results j 

correctly. 

Section 1,8 gives the findings relevant to variations in mortality | 

from the four diseases that are associated with four principal factors j • 

age, sex, social class and district within Cleveland County. Information | 

on mortality analysed according to three aspects of the smoking habit i 

(amount smoked, depth of inhalation and age of starting to smoke) is ! 

presented in section 1 , 9 . ' 

Following these two sections, which were intended to give essential 
information on major factors which could well differ systematically 
between filter and plain smokers, and which, if ignored, might bias the 
critical comparison, section I.10 analyses and discusses in detail the | 

findings relevant to smoking filter or plain cigarettes. This section, | 

supplemented by a summary of the main findings in section I.11, concludes 
the main text of Part I of this Research Paper. 

In order to bring out clearly the arguments leading to the 
conclusions relevant to the filter/plain comparison, we have tended to 
avoid giving in the main text detailed results on aspects of the data not 
of central importance in this comparison. However, as many of these 

T 9 
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additional findings are of interest in themselves, the main text is 
sxipplemented by six appendices given at the end of Part I. 

Thus Appendix A, which is an extension to section 1.9, gives a more 
detailed look at mortality in relation to the smoking habit, while 
Appendix B relates mortality to the other personal and environmental 
factors we studied. Appendices C and D summarise the additional data 
obtained on the lung cancer decedents, the former giving the distribution 
of type of lung cancer found'while the latter relates smoking habits as 
given by the relative to those given by the decedents when in hospital. 
Finally, following Appendix E, which extends the statistical method 
section 1,6, a number of detailed supplementary tables are given in 
Appendix F; 


( 
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Th.e inforaation concerning the living population was obtained by 
’means of personal Int-erviews in. samples of households. In each household 
one resident aged over 16 was interviewed and asked questions about him¬ 
self and about all other people aged over 16 resident at that address. 

» 

The householda were selected by a random sampling method from the 
electoral registers. A relatively large proportion was sampled in the 
aredTs l^revlously covered in the 1363 survey so as to provide adequate 
bases for separate analysis. Of 5,570 addresses originally selected in 
the total study area (Cleveland County plus Rural Districts) 302 were 
found to be unoccupied. Of the 5,268 occupied addresses interviews were 
obtained at 4,925, a response rate of 93%. At these addresses information 
on 10,025 people was collected, an average of 2,04 people per household. 

For this part of the report data from the Rural Districts outside 
Cleveland County were ignored, as were data on living peop^-e under 35, 
there being no comparable information available on decedents of this age 
group.- This, left 2,666 males, and 3,033 females. Eliminating 103 males 
, and 58 females who did not sthte their smoking habits and also a further 
23 females who smoked tobacco products other than manufactured cigarettes 
(a number too small for valid study), the living population finally 
studied consisted of 2,563 males and 2,358 females. 

The distribution of the living population by age is given in 
Table 2 and by district in Table 3. In each table the estimates obtained 
from the 1971 10% census are presented for comparison and the proportion 
sampled given. As can be seen the proportions sampled, which overall are 
2,2% (males) and 2.3% (females), do not differ markedly by age, though 
of course they do by district, due to the varying sampling fractions used 
for the reasons stated above. 
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TABLE 2 


Living population by age at interview and sex 


Age group 

Male 

Female 

No, in 
sample 

Census 

estimate 

% 

sampled ; 

No. in 
sample 

Census 

estimate 

% 

sampled 

35-44. 

750 

34,270 

2.2 

i 

1 800 

33,110 

2.4 

45-54 

t 785 

1 

33,530 

2,3 

79S 

32,420 

2,5 

55-64 

550 

26,400 

2.1 

593 

28,250 

2.1 

65+ 

1 478 

20,930 

2.3 

770 

33,020 

2.3 

Total 

2,563 

115,130 

2,2 

2,958 

126,800 

2,3 


TABLE 3 

Living population by district and sex 


District 

1 

j Male j 

1 Female 

No. in 
sample 

Census 

estimate 

% 

sampled 

No. in 
sample 

Census 

estimate 

fQ 

sampled 

Eston 

422 

7,230 

5.8 

485 

7^570 

6,4 

Stockton 

425 

18,370 

2.3 

485 

20,460 

2.4 

Ex-Stokesley 

165 

5,540 

3.0 

208 

5,960 

3.5 • 

Rest of Teesside 

820 

52,260 

1.6 

949 

57j900 

1.6 

Hartlepool 

454 

20,670 

2.2 

513 

23,190 

2,2 

Urban Districts 

277 

11,060 

2,5 

318 

11,720 

2.7 

Total 

2,563 

115,130 

2.2 

2,958 

126,800 

2.3 


(Note: i) The first four districts comprise Teesside C.B, 

ii) Ex~Stokesley is that part of the area formerly Stokesley R.D, 
that is-, now in Cleveland County 

lii) The urban districts comprise Guisborough U.D., Loftus U.D., 

Skelton and Brotton U.D,, and Saltburn and Marske-by-the-Sea U.D.) 
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Decedenta were clasaified by cause oi death solely on the 
'information available on their death certificates. The causes of death 
studied and the periods and age ranges covered are listed in Table 4. 

The definition of cerebrovascular disease (stroke) for the purpose 
of this study did not include subarachnoid haemorrhage (I.C.D. 430), 

An initial list was compiled for the whole study area of those who 
appeared to have died of the diseases covered by the survey within the 
relevant period. Doubtful eases were then excluded under the supervision 
of one of us (G. Dean). Table 5 gives by cause of death and sex the 
numbers finally listed relevant to the Cleveland County part of the study. 
From the total of 3,145 decedents listed for all causes and'both sexes, 
interviews were obtained from relatives of 2,642 (84.0%). ‘After 
excluding, as for the living population, some decedents for whom no 
Information on smoking habits was available and also some females who 
were said to have smoked tobacco products other than manufactured 
Cigarettes, a total of 2,370 decedents was available for study, 75.4% of 
those listed. 


I 

1 

f 

• 1 

i 

1 

I 

! 
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TABLE 4 


Decedents studied in Cleveland County 


Sex 

1 

Age range 

Cause of death 

I.C.D. 

Period 

Male 

35+ 

Lung Cancer 

162 ’ 

1970-1972 

Female 

35+ 

Lung Cancer 

162 

1969-1972 

Male 

35+ 

Chronic Bronchitis 

490-493 

1 

1970-1972 

Female 

35+ 

Chronic Bronchitis j 

490-493 

1969-1972 

Male 

35-64 

Coronary Heart Disease 

410-414 

1971-1972 

Male 

35-64 

Cerebrovascular Disease 

431-438 

1966-1972 


(Note: I.C.D. numbers quoted refer to the International Classification of 

Disease, the 8th Revision) 


TABLE 5 

Success rate for following up decedents 


Cause of death 

Sex 

Number of 

deaths 

Studied 

Listed 

Studied 

OL^ Ox 

listed 

Lung Cancer 

Male 

780 

616 

79.0 


Female 

199 

150 1 

75.4 

Chronic Bronchitis 

Male 

721 

530 

73.5 ■ 


Female 

295 

218 

73.9 

Coronary Heart Disease . 

Male 

753 

571 

75.8 

Cerebrovascular Disease 

1 Male 

397 

285 

71.8 

Total 

j 

3.145 

2,370 

75.4 
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Questions about smoking were asked in two parts. In ttie first part 
intormatlon was obtained as to wbetber the decedent or the living person 
snoked at the time of death or interview respectively (’’current smoker”), 
whether ha had given up previously (’’ex-stnoker”) or whether he had never 
smoked (’’never smoker"). Further information about current smokers and 
ex-smokera waa then obtained as follows:’’ 

a) when started to smoke regularly 

b) when gave up (ex-smokers only) 

c) whether at time of death or interview (current smokers) 
or at time of giving up (ex-smokers) they then snoked: 

i) manufactured cigarettes, and if so filter-tipped or plain 

ii) hand-rolled cigarettes 

iii) pipe or 

Iv) cigars 

and if so how many per day (cigarettes) or week (pipe or cigars). 

The second part of the smoking questions consisted of a detailed 
history. Questions about current smokers were asked relevant to the last 
2 years, 3-5 years, 6-10 years or more than 10 years before death or 
interview, and questions about ex-smokers were similarly asked for these 
four periods before giving up. The questions related to the number of 
manufactured cigarettes smoked per day and whether they were mainly, plain, 
mainly filter or about equal; the number of hand-rolled cigarettes smoked 
per day; the number of ounces of pipe tobacco per week; the number of 
cigars smoked per week and the number which were miniature, small, medium 
or large size; and the depth of inhalation of smoke from each type of 
product ("a lot", "a fair amount", "just a little" or "not at all"). 

Information was also obtained on other variables thought to be of 
possible relevance to one or more of the causes of death studied. These 
variables were: social class; occupation; exposure to dust or fumes; 
presence of morning cough; having had a close relative dying previously of 

i 

one of the four causes of death studied; obesity index; exercise; > 

consumption of tea or coffee and frequency of alcohol consumption. The 
ranges of possible answers are not listed here as they will become clear 
later in the text, when the possible effects of these variables on 

I 

mortality are considered, mainly in Appendix B. | 

Copies of the questionnaires used are available on request from the ' 

Tobacco Research Council. j 
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I,5 Supplementary Information from other sources 


The information obtained from the interviews was supplemented by 
four sets of data taken from other sources. 

Firstly, from the results of their Annual Consumer Survey (on which 
the Tobacco Research Council’s Research Paper No, 1 "Statistics of Smoking 
in the United Kingdom” is based), Imperial Tobacco Limited wpre able to 
supply*\is with information on filter and plain smoking habits relevant to 
the Cleveland area for each of the years 1969 to 1973, This information, 
based on an average of 295 interviews each year of cigarette smokers aged 
35 or over, gave the number of filter and plain smokers by age, sex and 
number of cigarettes smoked. 

Secondly, by reference to data made available to us from hospital 
records, those stated on their death certificates to have died from lung 
cancer were classified, where possible, as having had histologically 
and/or cytologically confirmed squamous carcinoma, oat or small cell 
carcinoma, adenocarcinoma or other types of lung cancer. 

Thirdly, the smoking habits as reported by the lung cancer 
decedents when they were in hospital were provided, where available, from 
the hospital notes. This information could be used to classify the 
decedents as smokers of manufactured cigarettes, hand-rolled cigarettes, 
pipes or cigars or as non-smokers or ex-smokers and to classify the 
manufactured cigarette smokers by number smoked and whether they had 
recently reduced, but the hospital records did not distinguish between 
filter and plain smoking. 

Fourthly, information was obtained on air pollution. As Part II of 
this Research Paper is more concerned than this part with air pollution, 
full details of the data available on air pollution and its sources are 
given there. For the purposes of this part, addresses (within 
Teesside C.B. only) were classified as being in areas of high, nedium or 
low pollution based on data provided by Teesside C.B. 
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ai latyoductlog 

la prospective studies the relative risk (r) of death from a 
disease for those with a particular factor compared with, those without it 
can be calculated by; 

__ proportion of factor positives who die in the study period 
proportion of factor negatives who die in the study period 


if^n^ and are the number at risk, d^ and d^ are the number dying 
with the disease in the study period and the subscripts 1 and 2 refer 
respectively to those factor positive and factor negative, this relative 
risk is given by 


r - 


“1''° 


1 


2 


Provided the total mortality rate is small, r can be also estimated 
accurately .enough for most practical purposes by substituting survivors 
(s) for number at risk given 


r 




1 ^ 

2 


Clearly this expression can be rewritten as 


r 


V!i 


^ ^^ ratio in decedents of factor positives to factor negatives 
ratio in survivors of factor positives to factor negatives 

This is the basis of the retrospective study method. Provided unbiassed 
estimates of both the numerator and denominator of the above expression 
can be obtained, a good estimate of relative risk can be computed. 

b) Inadequacy of an overall 2x2 table 

If the factor being studied was the only factor relevant to death 
from the disease of interest, or if the distribution of factor positives 
and factor negatives was identical with regard to any other relevant 
factor, then the relative risk could be estimated adequately from a 
single 2 x 2 table and its significance calculated fay a simple X^“'tdSt 
on 1 degree of freedom. 
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In practice this is rarely the situation. If it is not, an estimate 
baspH on. a aingla 2 k 2 table can be quite inaccurate. To illustrate this 
consider the following hypothetical data: 

Age 45-54 Age 55-64 

Factor + Factor - Factor + Factor - 

Decedents 25 50 200 100 

Living 50 100 100 50 

Within each age group separately, the estimated relative risk is 1, 
and there Is therefore no apparent effect of the factor. However, let us 
combine the results into a single table: 

Factor + Factor - 
Decedents 225 150 

Living 150 150 

A relative risk of 1,5 is now apparent. This biassed answer occurs 
because both the death rate and the proportion of factor positives in the 
living depend strongly on age. 

Clearly, therefore, in attempting to asaess the effect of the factor 
accurately one must take into account, or standardise for, confounding 
factors, such as age in the example above. 

Basically, there are two methods of carrying out this standardis¬ 
ation. The first is to fit a mathematical model simultaneously relating 
the probability of being a decedent or a survivor to the presence or 
absence of all likely influencing factors. While this approacji allows a 
simultaneous study of more factors than the second method, as it avoids 
the problem Inherent in the second method with small numbers in 'Ceils, it 
has two disadvantages. One is that the result one obtains relevant to 
the significance of a particular factor may depend on the particular form 
of the mathematical model used. It is often difficult to find any one 
model which fits all the data adequately or to demonstrate that one model 
is significantly superior to another. The other disadvantage is that 
this method involves very large amounts of computer time. 
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- , - --- w —--- ^ sup—taoies 

The aecond method, aud the one we used, was to subdivide the overall 
'2x2 table into a nvimber of 2 x 2 sub-tables, each separate sub-table 
reflecting the relationship between the factor of interest and the disease 
for a particular set of values of chosen standardising variables* Thus 
if one wished to study the relationship of filter and plain smoking to 
lung cancer, giid one considered age, number of cigarettes smoked and 
level of inhalation to be possible confounding variables, one might 
construct the 48 2 x 2 suH-tables relevant to each combination of 4 levels 
of age, 3 of number smoked and 4 of level of inhalation (say). 


The problem of analysis is thus reduced to evaluating a simultaneous 

estimate of relative risk based on a number of 2 x 2 sub-tables. Maximum 

likelihood methods, described in detail in Appendix E were used to 

estimate a single value of r best fitting all the sub<-tabl€s. The log- 

likelihood for this solution L was then compared with , the log- 

K i 

likelihood for the null hypothesis r = 1 and L the log-likelihood for 

MAX 

the case where a single beat fitting r is calculated individually for 
each 2x2 sub-table. If a 2 x 2 sub-table had either no decedents, no 
living subject, no person factor positive or no person factor negative, 
it was not considered in the analysis at all as it could contribute no 
useful information. 


By treating 2<L -L ) as being distributed approximately as on 
R i 

1 d.f. (degrees of freedom) it was possible to test whether, over all 
sub-tables, the fitted value of r differs significantly from 1, This 
tests the significance of r. 


By treating 2(L -L ) as being distributed approximately as on 

udniL II 

N-l d.f., where N is the number of 2 x 2 sub-tables contributing useful 
information, it was possible to determine whether it is valid to take the 
fitted'value of r as applying consistently to all the sub-tables. For 
example, it may be the case that a particular factor strongly affects 
mortality in the young but less so or not at all in the old. This tests 
.the consistency of r. ' 


It should be noted'that, for the method of analysis to work, the 
sub-division of the data into 2x2 sub-tables should not be too fine. 

If it is, then not only will a great number of the sub-tables have to be 
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rejected as producing no useful inforniation., with a consequent loss of a 
sizeable proportion of the data but the approximation of ouj: test of 
consistency to will be very poor. 

d) Presentation of results 

When-investigating many of the factors we calculated relative risks 
for a number of possible combinations of standardising factors. For 
example, for the tables in Appendix B, we computed unstandardised relative 
risks together with those standardised for a, a+s, a-t-c, a+d, a-t-s-i-d and 
a-^-3+c where a is age, s is smoking group, o Is social class and d Is 
district using the 4 levels of a, 6 of c, 6 of d and 7 of s used in 
Tables 7 and 8. It would have been very space-consuming and not 
particularly informative to present all these results in this report. Nor 
would it have made the findings easy to follow had we given the actual 
numbers dying of each, cause and those in the living population in the 
tables in the main text. It was therefore decided that we would present 
the results of the relative risk analyses as follows: 

i) in the main tables given with the text, present simply the 
relative risks by level of the factor being considered 
standardised by one single most useful combination of 
standardising factors (usually a+s) together with an 
indication of the significance of the quoted relative risks, 

ii) in Appendix F , give the numbers dying from each cause and 
those in the living population by level of each factor 
considered in the main tables and. 

iii) ’in supplementary tables , available on request from the 
Tobacco Research Council, present all the calculated 
relative risks together with the results of the,tests 
for consistency. 

In the presentation of the significance of relative risks in the 
main tables, asterisks have been used as follows: • . 

* = p <0,1, ’K* = p <0.05, +*♦ = p <0.01, ***+ = p <0.001 

Relative risks based on five deaths or less are bracketed. 

If standardisation for additional factors markedly altered the 
estimate given in the main tables, this is noted in the text. 

Appendix F also gives detailed findings for some results too 
extensive, or not important enough, to be presented as main tables. They 
are referred to in the text as appropriate. 
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rx«joj.cuia in. Lne j-at-erpretavion ot tbe results 


The essence of our study method, as we have seen, lies in the 
comparison of two estimates of the proportion of people positive for a 
particular factor of interest, one relevant to decedents from the disease 
of interest and one relevant to the living population. There are two main 
reasons why the estimate of relative risk obtained might not match that 
which would have been obtained from a prospective study. 

*The first of these lies in the fact that the estimates obtained 
relevant to the decedents may be biassed because the relative 

a) never knew accurately about the fact of Interest 

b) could not now remember due to the time that had elapsed 
since the death or 

c) consciously, or subconsciously, misrepresented the 
situation because of knowledge or suspicion about the 
relationship of the factor to the death. 

.Inasmuch as some of the answers for the living population were obtained 
second-hand, the first of these three objectives applied partly to the 
estimate obtained relevant to the living population. To simplify the text 
later, we refer to bias from these sources as recall bias . 

The second main reason is that the answers for the living population, 
apart from the smoking history questions, are relevant to the situation at 
the time of Interview, i.e, 1973, and are not necessarily the same as would 
have been obtained had the interviews taken place when the decedents died. 
If there had been a marked change in the living population in the 
proportion of people factor positive between the average time of death of 
the decedents and 1973 then a markedly skewed estimate of relative risk 
might be obtained. We refer to this later as time bias . 

As we explain in the discussion of the results for the filter/plain 
comparison (section 1,10) no retrospective method can be free of suspicion 
of bias. However, there are methods available of checking the likely 
extent of, and in some cases correcting for, these biasses. 

Information on recall bias was obtained in two ways. Firstly, 
comparison was made in the living population of those answers obtained 

24 

Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 


2063631049 



from tlie persoa himself with those obtained second-hand. Secondly, the 
information on the smoiciiig' habits of the decedents obtained from relatives 
vras compared with that given by the decedents themselves taken from the 
hospital notes. 

Correction for time bias in amoking habits was also possible in two 
ways. Firstly, the-smoking history answers to the questionnaire in the 
living population could be used to gain information on smoking at a time 
comparable to that to which the data on the decedents referred. Secondly, 
the separate survey data supplied by Imperial Tobacco Limited could be 
used to judge the extent of changes in the smoking habits of the 
population in the years preceding the survey. 

The results obtained are mainly relevant to the section (I.10) 
concentrating on the filter/plain comparison, as consideration of these 
biasses, especially the time bias, is particularly relevant there. 


f 

i 

1 
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1.8 Mortality by a^e, sex, social class and district 

In subseq-nent sections assess the relationship between the lour 
causes of death studied and a number of factors, including both many 
aspects of the smoking habit as well as a variety of personal and environ¬ 
mental variables. In order to do this sensibly, it is necessary to 
standardise for some or all of certain important variables. The present 
section, and the next, are concerned as a preliminary with illustrating 
the relationship of the standardising variables themselves to mortality. 
This section deals with age, sex, social class and district, while 
section 1.9 considers three main features of the smoking habit. 

The distribution of the number (N) of decedents by age and sex is 
given in Table 6, which also presents estimated mortality rates per 
100,000 per year In Cleveland Comity (MC) and compares it with the 
corresponding rate for the same years of death in England and Wales (ME). 
MC is estimated by the expression MC = (100,000 x D)/(A x Y x E) where D 
is the observed number dying, A is the 1971 census estimate of population 
taken from Table 2, Y is the number of years studied and E is the ratio of 
.deaths studied/listed. ME was computed from the Hegistrar General*s 
estimates by combining figures for the appropriate years.' 

The results in Table 6 illustrate that in Cleveland County the 
trends by age and sex of the causes of death match fairly closely the 
national trends, though the absolute levels of chronic bronchitis and 
coronary heart disease are somewhat above the national average. The sex 
ratio of the death rates for the two diseases studied in both sexes is 
very large, being about 5.8 to 1 for Itmg cancer and about 3.6 to 1 for 
chronic bronchitis. As the sex ratios are so large, and as they vary 
considerably with age, rising from about 2.5 to 1 for 35-44 year olds up 
to almost 5 to 1 for bronchitis and 9 to 1 for lung cancer for those over 
65, it was necessary, in any analyses of these two causes of death, to 
consider men and women separately. 

Table 7, which summarises the relative risks associated with the 
various levels of eafch of the three,factors, age (unstandardised) and 
social class and district (standardised for age and smoking), illustrates 
further the strength of the age relationship. Although it is most marked 
for chronic bronchitis, rates for which rise by over 100-fold for men and 
over 50-fold for women between 35-44 and 65-*-, it is still highly 


26 ' 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmk0000 


2063631051 



TABLE 6 


Deattis studied by at death, sex and cause o£ death 


Cause of death 
(Years covered) 

Sex 

• 

35-44 

Ago 

45-54 

group 

55-64 

65+ 

* 

Total 

Lung Cancer 

Hale 

N 

14 

85 

216 

301 

616 

(1970-1972) 


MC 

17.2 

107.0 

345.2 

606. 8 

225.8 



ME 

13.1 

80.1 

288.5 

597.7 

228.5 

Lung Cancer 

Female 

N 

7 

27 

48 

68 

150 

(1969-1972) 


MC 

7.0 

27.6 

56.3 

68.3, 

39,2 



ME 

5.6 

23.8 

52.4 

77,0 

42.7 ' 

Chronic Bronchitis 

Male 

N 

6 

28 

96 

400 

530 

(1970-1972) 


, MC 

7.9 

36.9 

164.9 

866.7 

208.8 



ME 

3.3 

26.1 

138.8 

649.5 

185.8 

Chronic Bronchitis 

Female 

N 


12 . 

32 

171 

218 

(1969-1972) 


MC 


12.5 

38.3 

175.2- • 

58.2 



ME 


■10.6 

30.2 

135.5 

51,5 

Coronary Heart 

Male 

N 

43 

190 

337 


570 

Disease (1971-1972) 


MC 

82.8 

373.8 

842.0. 

- 

399.1 



ME 

66.S 

281.2 

722.7 


349.7 ' 

Cerebrovascular 

Male 

N 

18 

78 

189 


285 

Disease (1966-1972) 


MC 

10,5 

46.3 

142.4 

- 

60.2 



' JIE 

6,1 

31.3 

144.5 


58.1 


Note : N = number of deaths studied 

MC “ estimated mortality rate per 100,000 in Cleveland County 
ME = estimated mortality rate per 100,000 in England and Wales 
* Totals refer to ages 35+ for lung cancer and chronic 
bronchitis, and to 35-64 for coronary heart disease and 
cerebrovascular disease. 
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_____ wi tae oTaer causes of death. This 

indicates the clear necessity of standardising for age in analyses of the 
’ association of any other factor to mortality from any of the causes of 
death. ' - 

Variations in mortality by social class are in general of smaller 
magnitude^ than those by age but there are nevertheless a number of 
significant results. Chronic bronchitis shows most variation by social 
clas3_,of the four causes of death studied, rising In both sexes by a 
factor of 3 or 4 to 1 between social classes I and II combined and social 
class V-, with much greater mortality rates still In the ’’other” group, 
which is mainly composed of the unemployed, disabled and retired. Of note 
also for bronchitis is the marked excess death rate of housewives as 
compared with working women. This could perhaps be partly artefactual 
inasmuch as women with bronchitis may have given up employment premattirely 
to work at home and been classed as housewife rather than ’’other". There 
is little variation in mortality by social class for either lung cancer or 
heart disease though,if anything, the trends favour the higher social 
classes, significant differences being noted in women for lung cancer In 
social classes I and II (below average) and in men for heart disease in 
class V (above average). For stroke, there is a clear 2~fold excess 
mortality in class V but no other significant difference. 

Mortality also varies significantly by district for some of the 
causes of death. As compared with the rest of Teesslde death rates tend 
to be higher in Eston, similar in Stockton, somewhat below average in the 
Urban Districts and lower still in the rural area ”ex-Stokesley”, 
especially for chronic bronchitis. Hartlepool is somewhat anomalous 
inasmuch as while death rates are similar to the rest of Teesslde in four 
cases they are significantly below average for lung cancer in men, and 
significantly above average for chronic bronchitis in women. 

As noted in section 1.6 in the analyses of the factors considered 
in later tables, relative risks were calculated standardising for social 
class or district in addition to the more important factors of age and 
smoking. .However, in general the relative risk estimates obtained were - 
similar to those standardised for age and smoking only. In view of the 
results in this section this is perhaps not surprising as it would have 
needed the two groups being compared to have very different social class 
or district distributions for standardisation for these factors to have 
much effect on the magnitude of the estimate of relative risk. 
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TABLE 7 


Relative risks oX mortality by age (unstandardised), 
by social class and by. district (standardised for age and smoking level) 


Factor studied 

Male 

Feaale 







/tevol of factor 

Lung 

Chronic 

CoroaaiT 

Carebro— 

Lung 

Chronic 


Cancer 

Bronchitis 

Beart Dia. 

vascular Dis. 

Cancer- 

Brencbitls 

AGE 







3S-*44 

Qel7 

mmmm 

0.22 

mmmm 

0.24 

0.24 

mmmm 

0.26 

(0.25**) 

-C-S4 (Base) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

55^64 

3efl3 

mmmm 

4e39 

mmrnm 

2.52 

3e46 

mmmm 

2.38 

mm mm 

3.53 

65+ 

mmmm 

5eS3 

mmmm 

23.46 ■ 

- 

- 

mmmm 

2.GO 

14.71 

SOCXAL CLASS 







I + II 

1.01 

«ee 

0.36 

o.ds 

0.96 

«« 

(0.28 ) 

(0.4S) 

III (Base) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

IV 

1.08 

1.24 

l.is 

0.84 

0.31 

2.28 

V 

■ 

mm 

1.49 

«« 

le3d 

mmmm 

2.33 

0.97 

1.35 

Other 

1.38* 

. ^ ***« 

4.26 

1.05 

1,06 

0,70 

eee* 

7.43 

Housewife 

- 


- 

- 

0.81 

3.35 

DISTRICT 







Elton 

le60 

1 , 32 ’ 

1.80 

1, 08 

1.44 

mm 

1,67 

Stockton 

0.98 

1.16 

1.20 

m 

0,68 

1.13 

1.19 

Ex-S t o Jce s 1 ey 

0,44 

mmmm 

(0.10 ) 

mm 

0.55 

0.56 

(0.78) 

(0.26**) 

Rest of Teesside (Base) 

l.QQ 

1.00 

1.00 

1.00 

1.00 . 

1.00 

Hartlepool 


1.03 

0.79 

0.96 

1.04 

««« HI 

1.80 

Urban Districts 

mm 

0e73 

mm 

0e64 

0.91 

0,89 • 

0.97 • 

mmm 

0.20 


+ tz-Stokaalsf 1* that part of th« are* foraierly Stokesley E.D. that is now la Clewelasd County. 

Mote : Kuabers of decedents end llrlac bj the levels of these factors are given in Appendix T Table FI. 
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Table 8 preseata relative risks (staadardised for age) by "smoking 
group", a sub-division of the population by smoking habits into seven 
categories for males or five for females. If "current" is taken to mean 
the two years up to death for decedents or up to interview for the living, 
"other products" to mean one or more of pipe, cigar and hand-rolled 
cigarettes and "man. cigs" to mean manufactured cigarettes, we can define 
the categories as follows: 

never smoked man. cigs or other products 

current smoker of man. cigs who has 
never smoked other products 

currently smokes one or both of man. 
cigs or other products and has smoked 
both at some time 

current smoker of other products who has 
never smoked man. cigs 

does not smoke currently but has 
previously smoked one or both of man. 
cigs or other products 

All four diseases show a highly significant relationship with , 
smoking manufactured cigarettes. This is most marked for lung cancer 
where a steep dose-response relationship is evident in both sexes, rates 
in each case being more than 15^times higher in the 23+ a day group than 
in the never smokers. The extent of the association for male lung cancer 
is similar to that found in the two major American prospective studies by 
Hammond (1966) and Kahn (1966), but perhaps somewhat less than that found 
by Doll and Peto (1976) in the British doctors study. (Their mortality 
rates were 78 per 100,000 for 1-14 a day smokers, 127 for 15-24 a day and 
251 for 25+ a day as compared with 10 for non-smokers.) Ip is more 
difficult to compare our results for women validly as Hammond's figures, 
which indicate a weaker association, refer to a period when women had had 
a much shorter history of smoking, Kahn's figures relate only to men and 
Doll's figures, published so far (he has not yet given 20 year follow-up 
figures for women) are based on very few deaths. 

The .dose-response relationship for chronic‘bronchitis is also clear, 
though rather less steep than that found in the prospective studies, 
especially by Doll and Peto (1976), where a mortality rate of 3 per 
100,000 in non-smokers rose to 88 in the heaviest current smoking group. 


Never smoked 
Man: cigs only 

Mixed smokers 

Other smokers 

Ex-smokers 
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Relative risk of martality (standardised for age) by smoking group 


SmakiMt Czca^orr 



U&ls 






Lung 

Cascar 

Chronic 

Bronchitil 

CoTooiry 
a«irt Dll. 

C^rabro— 
Tuoilxr Dis. 

Ciaccr 

Chronic 

Broachitli 

K«Tttr saoke<l 


1 2,00 

l.CO 

L.OO 

1.00 

1.00 

1.00 

k«ii. cl^s oal7 

1 -ia M. ti»T 


-t.68 


1.97 

i 

3.23*”* 

«««« 

3.14 

1.11 

23-23 « dir 


1 mmwm 

1 d.24 

3.13 

««i mm 

1.86 

2.08 

1 

7.78 

■ A« 

2.IS 

23-* a d«r 


15.10 

4.79 

2-55** 

3.65 

mmmm 

16.6a 

*mwm 

9.03 

UlzoU laolcirs 


5.29 

mm 

1.76 

mmmm 

2.4d 

mmm 

2.26 

- 

- 

Other SBOk«rs 


3.32 

1.57* 

mm 

1.51 

1.03 

- 

- 

Ex-3moiC8r3 


3.06 

««!■« 

2.05 

1.31 

1.42 

1.14 

mm 

1.82 


For coronary heart disease and cerebrovascular disease, though there 
is a clear excess mortality of 1-12 a day smokers over never smokers, 
there is scarcely any dose-response as the relative risks for 23+ a day 
smokers are virtually the same as that of the 1-12 a day smokers. These 
findings are broadly similar to those of the prospective studies though 
the association ve found with cerebrovascular disease is somewhat stronger 
than has appeared previously. 

The risk of the'group mixed smokers, all of whom have smoked 
manufactured cigarettes now or in the past, is intermediate between that 
of the manufactured cigarette only smokers and the never smokers for 
lung cancer and chronic bronchitis but of the same general order as that 
of the manufactured cigarette only smokers for the other two diseases,- 
The risk of the other smokers group, who have never smoked manufactured 
cigarettes, is less for every disease than that for the mixed smokers 
but in each case except cerebrovascular disease it is greater than, that 
of never smokers. The risk of ex-smokers is markedly less than that of 
Continuing smokers for lung cancer, where it is not significantly greater 
than that of never smokers for women, and less than that of 1-12 a day 
smokers for men. The risk of ex-smokers is also less as regards coronary 
heart disease and cerebrovascular disease, where it is only slightly and 
non-significantly higher than that of never smokers- For chronic 
bronchitis, however, where many msy have .given up smoking because of the 
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TT”,_-—V- ou c.iiose o£ i;}-22 a day smokers. la general 

all the findings described in this paragraph are, where comparisons can be 
made, not dissimilar Irotn. those found in ^he prospective studies. 

Table 9 gives relative risks (standardised for age and the three 
levels of smoking) of manufactured cigarette only smokers by t-^-o other 
factors, -level of inhalation and age of starting to smoke, found by other 
workers to have a marked relationship to risk of mortality from smoking- 
associated diseases. It must he borne in mind in considering the 
results for both of these factors that the reliability of answers given by 
the relatives.of decedents must be open to doubt. The value of even self- 
reported inhaling habits has been questioned by some e.g. Doll and Peto 
(1976) and it is not unreasonable to assume that in many cases relatives 
of decedents might never have known the age at which the decedent started 
to smoke. 

The results for inhaling show a clear trend for increasing mortality 
from both lung cancer and chronic bronchitis with increasing levels of 
inhalation, which is especially marked for women, some trend for cerebro¬ 
vascular disease and no significant trend at all for coronapy heart 
disease. These results are somewhat at variance with those of Doll and 
Peto (1976) who found a clear association with inhalation for chronic 
bronchitis and coronary heart disease but no overall association for 
lung cancer, though there was an association at lower levels of smoking. 

Our results for age of starting to smoke also disagree to some 
extent with those of other workers. While the general decreasing trend 
of death rates with increasing age of starting to smoke from age 15-19 up 
to age 25+ has been found before (e.g, Kahn (1966)}, the finding of a 
lower risk in those starting before age 15 is not. This discrepancy might 
be at least partly explained fay relatives tending to assume decedents had 
started to smoke at an average age of starting when they did not really 
know for certain. It is, of course, especially likely to be the case for 
those decedents who had started to smoke very earl-y that the reporting 
relative did'not have first-hand knowledge of age of starting to smoke. 
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TABLE 9 


Hjilative risk of mortality (standardised for age and level 
of smoking) of manufactured cigarette only smokers by level of 
inhalation and by age at starting to smoke 


Smoking Category 

Male 


Fejaaie 


Lung 

Chronic 

Coronary 

Cerebro- 

Lung' 

Chronic 



Cancer 

BroochitIs 

Heart Ois. 

vascular 01s 

Cancer 

Broachttis 


INHALING HABITS 








Hon* 

0.42 

0.57* 

0.81 

(0.24***) 

««« 

0-29 

o.ia"*"* 


Little 

mm 

0.57 

0.«2* 

0.89 

0.90 

0.72 

0.23 

' 

Fair Amount 

0.95 

0.85 

1.12 

1.35 

1.07 

0.69 

i 

Lot 

1.00 

1,00 

1.00 

1.00 

1.00 

1.00 

7 

1 

AGE Of STARTIMG TO SMOkE 








<15 

«««« 

0.44 

0,43 

0.63* 

0.80 

0.86 

0.74 


15-19 

1.00 

1.00 

1.00 

1.00 

1.00 

1-00 


20-2-1 

0.8S 

0,42”* 

1.07 

0..36*** 

0.68 

0.52 

j 

25 + 

0,54 

mmm 

0.23 

0.97 

0,75 

0*57* 

0.78 

i 

i 

» 


Not* ; Hunbcrs of decadents aatl.llTliig by tb* lov*!* of the factors studied in Tables 8 and 9 are give; 
ia Appeadl-t P Table F2. 
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- — ~~ ~ smoKinsr 

a.) Relative risk standardised for various characteristics 

Table 10 gives the distributioa oi plain and filter smokers In the 
decedents and in the living population. As in all tables in this section, 
the analyses are conf.ined to consideration o£ manufactured cigarette only 
smokers, ' 

As have established that amount smoked, level of inhalation and age 
at starting to smoke are all significantly associated with at least some of 
the causes of death studied, we look at the comparison of mortality rates 
of filter and plain smokers taking into account these smoking 
characteristics. Table 11 gives for each sex and cause of death the 
relative risk of mortality of filter cigarette smokers as compared with 
that of plain cigarette smokers. Four separate estimates of relative risk 
have been computed: standardised for age only; for age and amount smoked; 
for age, amount smoked and level of inhalation; and for age, amount smoked 
and age. of starting to smoke. The categories used for amount smoked, level 
of inhalation and age of starting to smoke were those of Tables 8 and 9. 

The results of Table 11 demonstrate two points clearly. Firstly, 
ignoring possible biasses to be considered later, there is statistically 
significantly smaller mortality..associated with smoking filter cigarettes 
than with smoking plain cigarettes for all causes of death and both sexes 
regardless of which smoking characteristics are standardised for. Secondly, 
additional standardisation for smoking characteristics altered the 
estimates of relative risk by only a small amount, illustrating that these 
characteristics did not differ greatly between filter and plain smokers. 

Having considered a number of smoking characteristics in comparing 
the mortality of filter and plain smokers, we next investigated the 
possibility that characteristics other than smoking habits of the average 
filter smoker may differ from those of the average plain smoker in a way 
relevant to mortality. We looked at each of the characteristics described 
in the study methods in turn to see whether or not filter smokers differed 
from plain.smokers. The results which are given in detail in the 
supplementary tables available on request and which are summarised in 
Appendix F table F3, showed that there was no significant difference in 
either sex for tea drinking, amount of exercise taken, obesity index, 
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TABLE 10 


Distribution, of filter and plain smokers in ttie decedents 
and in tJie living population 


- 

Mal« 

Feoala 

Filtar 

Plain 

Flltar 

Plain 

Docadonts 






Ltmg Cznc«r 

(Ag«d 33-^) 

118 

214 

71 

30 

Chronic Bronchitis 

(Agod 33-t-) 

91 

147 

45 

23 

Coronary Raart Disflaaa 

(Agad 33-64) 

133 

127 

“ 

- 

Carabrorascular Dls«asa 

(Aged 33-64) 

53 

96 

- 

- 

LlTln«; 






A£«d 35'^ 


610 

312 

988 

170 

A^ad 35-64 


533 

241 

- 

- 


TABLE 11 

Relative risk of mortality (standardised for age, amount smoked and 
other smoking characteristics) of filter as compared with plain smokers 


RolatlTo risk 

Male 

j 







standaxdlsvd for i 

Lung 

Chronic 

Coronary 

Carebro- 

Lung 

Chronic ♦ 

! 

! 

Cancer 

Bronchitis 

Heart Dls. 

vascular Dls. 

Cancer 

Bronchitis 

flga only 

• (•••■I 

0-41 

0.53**“ 

0.60**** 

M-m-rn* 

0.34 

o.ss*" 

0,45*"* 

age and amount smoked 

mwmm 

0-42 

0,52 

0.60 

0.34 

0.53*. 

0.36**** 

age^ amount smoked and 
inhalation 

V«x« 

0.42 

■ HtiiK 

0.55 

0.59 . 

mmmm 

0.36 

«■ 

O.Sl 

« ■« 

0.36 

age, amount Smoked and 
age of Starting 

m-mmm 

0.41 

«««« 

0.55 

0.66*" 

0.3s“""“ 

1 • mm 

0.43 

0,25 


* 7h9 apparvat fluctuatloos in roIatlT« rlak lor tti« fttmala cbroclc broachitls aaaljsfls &re not signlX^cant 

a« tbo nunb«r3 oi d«atb9 «ar« small: soe App^^adlx ?. 
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— - — oi relative from one oi the four causes, 

or pollution level at hooe address. For males -we found no difference in 
-tKe tTa^uency or ‘TP^ o' alcohol consumed between filter and plain 
snokers, but we did find some differences for females, smokers of plain 
cigarettes drinking beer relatively more often and wine and spirits 
relatively less often than smokers of filter cigarettes. However, as no 
significant relationship was found in women between the type of alcohol 
consumption and either lung cancer or chronic bronchitis (see Appendi.t 3) 
it did'not seem worthwhile standardising the filrsr/plain relative risk 
estimates additionally for this characteristic. 

For four characteristics we did find a signific^t difference 
between filter and plain smokers for both sexes. Plain smokers tended to 
be less likely to be in social class I or II, or drink coffee than filter 
smokers and more likely to be in social class Y, have morning cough or 
have worked in a dusty job. However, as can be seen in Table 12, the 
estimates of relative risk of filter smoking as compared with plain 
smoking remained significant and relatively unchanged after standardising- . 
for age, smoking level -and any one of these four characteristics. There 
still resaihs, of course,- at least a theoretical possibility that there 
is some characteristic which, we did not measure in which filter and plain 
smokers differed and which might have been responsible for the observed 
difference in mortality. 


TABLE 12 


Relative risk of mortality (standardised for age, amount smoked and 
other non-smoking characteristics) of filter as compared witl; plain smokers 




ilal* 




?«nale 

Relatlv* risk 







icacdirdisod for 

1 

tuns 

Ciroaic 

Cnroaary 

Cerebro— 

Luns 

Cirooic 


Cancer 

3roaciiitln 

Heart Ots. 

vaacuiar Dla. 

Cancer 

Srocciiitls 

iQd laausr saaoked 

0.42 

0.32**”’ 

O.oo'”* 

0 . 24 '*” 

0 . 53 ” 

0.36 

«f«, juBoua? smoked and 
ioeial clans 

0.40*" 

O.SS**’ 

0.33 

0 . 32 "*'* j 

« m 

0.33 

9 mm 

0.3S 

anouac snoKcd and 
coiiee coaatopclOQ 

'0.44*" 

0.3S*"*" 

0.53*'" ■ 

■■■■ 

0.3S 

0 . iT 

• m 

0. 44 

mount snoked and 
aomin^ cougii 

0-44 

o.st"'" 

0.62*"' 

0,3-)*"’" 

0.50 

m m 

0 . 48 

■ ss-aktd asL-d 

dusty job 

D. 43 ""’*" 

0 . 51 “'’ 

0 

0*34 

i 

1 

0 . 33 '* 

0.36 
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b) 


Effect of biasses on the relative risk estlniates 


’ *' As explained in section 1.7, there are in theory two main potential 

sources o£ bias in our study method. The first of these is recall bias . 
Although we could not know for certain how different the answers to our 
questionnaire would have been had the decedents answered the questions 
themselves instead of having a near relative answer them, it was possible 
in two ways to gain some indication as to whether any marked bias had 
occurred, 

firstly, we compared the distribution of average answers collected 
from living people talking about themselves with that collected from ■ 
living people talking about other people. Of the total living sample 
47.7% of infoxTnation on males and 62.1% of that on females was taken from 
the former category, i.e, "self-reported". We compared the distribution 
of "self-reported" and "other reported" answers for all the ci^aracteristrcs 
and the results are summarised in Appendix F table F4. Very few 
significant differences were found - in particular no difference was found 
for either sex in the proportions smoking filter and plain or smoking I'-IE, 
13-22 or 23+ cigarettes a day. The only characteristics for which 
significant differences were found in'both sexes were that "self-reporting" 
tended to give a greater proportion of people who were mixed or ex-smokers, 
who had been exposed more often to fumes or who had worked in a dusty job. 
These differences all appeared to be related to events a long time ago 
which one would expect "self-reporting" to pick up more easily. In view 
of the general similarities between the two types of information, we 
concluded that it was valid to use, as we have done, all the data on the 
living population, for estimating the filter/plain relative risk and not to 
recalculate these estimates excluding "self-reported" data. 

Secondly, for lung cancer decedents only, we compared the 
distribution of smoking habits according to the person himself as taken 
from the hospital notes with that obtained from the relative in the 
subsequent interview. As illustrated in Appendix D there'was a 
considerable area of agreement between the classifications by broad 
smoking habit from the two sources, within the limitations of the 
different groupings used due to the different types of questions asked. 
However the degree of correlation as regards amount smoked was not so 
good. This disagreement did not, however, consist of an obvious bias in 
.any one direction, the overall distributions by amount smoked as measured 
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la the two different ways being fairly similar. No information, was 


available on filter and plain sraoKing from the hospital notes but, as our 
findings did not suggest any consistent bias for type of smoker or amount 
smoked, there seemed no compelling reason why there should be one for 
filter/plain smoking, and we therefore decided not to try to make any 
correction for recall bias in our estimates. 

Time bias , however, was quite a different proposition. It was 
already known that the ratio of filter to plain smokers nationally had 
increased sharply in the years preceding the study and it seemed likely 
that, had our information been obtained from the living population at the 
same average time as for the decedents, a smaller proportion of filter 
smokers would have been recorded. One way of correcting for this bias is 
to use the smoking history information that was recorded, go back to a, 
fixed date, and compare the subsequent mortality of plain and filter 
smokers. This was done using 1969 as a convenient time point (ignoring 
information on cerebrovascular disease decedents before that point) and 
the results, given in Table 13, showed that for all causes of death the 
advantage to filter remained but was reduced and in some cases lost 
statistical significance. 

It is noteworthy that most of the relative risks as compared with 
those given in Table 11 have increased by 20-30%, but for cerebrovascular 
disease the increase has been by 100%. This is not surprising because the 
Table 11 figure for cerebrovascular disease was based on deaths going back 
far longer (to 1966 - see Table 6) than for the other diseases,' with con¬ 
sequently more time for the living to have switched from plain to filter. 


TABLE 13 

Relative risk of mortality of filter to plain smokers standardised 
for age and smoking level based on 1969 smoking information 


Cause of death 

Sex 

Relative risk with 
95% confidence limit 

Lung Cancer 

! Male 

! ■ 0.54****(0.40-0.73) 

Chronic Bronchitis 

: Male 

0.66** (0.47-0.94) 

Coronary Heart Disease 

Male 

0.75* (0,55-1.02) 

Cerebrovascular Disease 

Male 

O.es’^ (0.42-1.08) 

Lung Cancer 

Female 

^ 0.68 (0.42-1.11) 

Chronic Bronchitis 

Female 

if* !(l 

0.42 (0.23-0.76) 
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A.S the relationship between coronary heart disease and smoking is 
ve’ry much stronger in younger age groups, filter/plain relative risks 
standardised for smoking level based on 1969 smoking information were also 
calculated for separate age groups for this cause of death. The values 
found (35-44 year olds — 0.34, 45-54 - 0^.67, 55-64 = 0.94) are consistent 
with there being a larger difference between, filter and plain in the age 
groups where the association with smoking is strongest. 

The second way in which we tried to estimate the degree of time bias 
was by using the information on the number of plain and filter smokers' 
supplied by Imperial Tobacco Limited for the years back to 1969, The 
distributions by year are given in the supplementary tables available on 
request and from these it was estimated that the degree of over-estimation 
of the lung cancer and chronic bronchitis relative risk was 1,30 for males 
and 1.41 for females, and that for coronary heart disease in males was 
1,27. No direct estimate was available for cerebrovascular disease as the 
data did not go back far enough. However, assuming all the deaths to have 
occurred in 1969, the midpoint of the period covered 1966-72 yielded an 
estimate of bias of 2.00. Applying the estimate of bias to the relative 
risk estimates standardised for age and smoking level taken from .Table 11, 
Table 14 gives estimates of the magnitude of relative risk very similar to 
those based on 1969 smoking habits. 

TABLE 14 

Relative risk of mortality of filter to plain smokers standardised 
for age and smoking level based on most recent smoking information 
and corrected-for bias (see text) 


Cause of death 

Sex 

Estimate of relative 
risk 

Lung Cancer 

Male 

0.55 

Chronic Bronchitis 

Male 

0.68 

Coronary Heart Disease 

Male 

0.76 

Cerebrovascular Disease. 

Male 

0.68 

Lung Cancer 

Female 

- 0,75 

Chronic Bronchitis 

Female 

0.51 
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c) Mortality by time of g.^tch from plain to filter 

One aspect of the aituatlon that we have not yet considered is 
whether there is any evidence that the longer people have smoked filter 
cigarettes the smaller their risk of dying from one of the four diseases 
becomes. Wa therefore considered smoking habits at three time points 
1954, 1964 and 1969 dividing the population of current smokers, who had 
only smoked manufactured cigarettes, into those who had smoked plain 
aigrettes at all three time points, those who had smoked filter at all 
three, and those who had switched in between from plain tq filter 
(Table 15) . For comparability we included only those people who had kept 
the same smoking level (11-12, 13-22, or 23+) at all three points in time, 
and excluded the lew switching from filter to plain. Fop every ,cause of 
death in both sexes the relative effect of filter smoking as compared with 
plain smoking is more marked the.longer filter cigarettes had been smoked. 
For lung cancer in both sexes, coronary heart disease in males and chronic 
bronchitis in females the difference in risk between thoge smoking plain 
and those smoking filter at all three time points is highly significant 
and, though not significant at the 95% confidence level, the estimated 
difference in risk for chronic bronchitis and cerebrovascular disease in 
males is almost 2 to 1. 

TABLE 15 

Relative risk (number dead) of mortality of continuing plain smokers (base), 
continuing filter smokers and switchers from plain to filter based on 
smoking habits in 1954, 1964 and 1969 


Cause of Death 

Sex 

Relative risk standardised for age and smoking level 

Plain at ! 
all 3 time ; 
points 1 

Plain 1954 
Plain 1964 

Filter 1969 

Plain 1954 

Filter 1964 
Filter 1969' 

Filter at 

all 3 time 
points 

i 


_____ 




Lung Cancer ^ 

Male 


0.58 

0.43 

0.39 




(30)- 

(27) 

(21) 

(Chronic 

Male 


0.65 

0.77 

0.58* 

Bronchitis 



(19) 

(23) 

(18) 






*** 

Coronary Heart 

Male 

1.00 

0.82 

0.62 


Disease 

. 

(121) 

(37) 

, (33) 


Cerebrovascular 

Male 

1.00 

0.81 

0.85 

0.53- 

Disease 


(45) 

I (13) 

(15) 

' (8) 




! 


i *** 

Lung Cancer 

Female 

. 1.00 

1 1.37 

0-59 

0.34 



(27) 

(25) 

(15) 

(14) 

Chronic 

i 

1 Female 

1.00 

0.80 

0.49 

0.27 

Bronchitis 


I (23) 

(13) 

(12) 

(10) 
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d) Discussion 

resul-ts In Tables 13 and 15 indicate that filter smokers have a 
smaller risk of mortality than plain smokers for all the four causes of 
death. For lung cancer and chronic bronchitis for both sexes this 
difference is statistically significant when based either on 1969 smoking 
habits, or on a comparison Of continuing (1954, 1964 and 1969) filter 
smokers with continuing plain smokers or both. The difference in risk of 
filter and plain smoking for coronary heart disease is not so large and 
is concentrated in the younger age-groups, but is still statistically 
significant when continuing filter and plain smokers are compared. The 
relative risk for cerebrovascular disease, which is based on rather 
smaller numbers of deaths, is not slgnifleant but again the trend markedly 
favours filter. For all causes of death the advantage of filter over 
plain increases the longer filter cigarettes have been smoked. Standard- ^ 
isation for inhalation, age of starting to smoke or any other measured 
characteristic not related to smoking had no serious effects on the value 
of filter/plain relative risk estimates. 

Although we have investigated a number of factors related to the way 
people smoke, to try to see whether the difference could be attributed to 
the way the cigarettes are smoked rather than to the cigarette itself, we 
have not and could not have looked at all of them. For instance we did 
not study butt length as we doubted whether relatives of decedents could 
accurately assess this. Todd e^(1976) have published figures 
demonstrating that in the United Kingdom, the average weight of tobacco 
smoked per filter cigarette was no less than the average weight per plain 
cigarette over the last 20 years, being indeed somewhat greater up to 
about 1968. It seems unlikely, therefore, that taking butt length into 
account would have affected markedly our estimate of filter/plain relative 
risk. 


Although our study appears to show a clear difference in the 
mortality of filter and plain smokers, one must bear in mind the way in 
which information about smoking habits was collected with the Inherent 
possibilities both of recall and time bias. We investigated recall bias 
in two ways. Firstly, we showed that the distribution of "self-reported" 
answers for the living population matched quite closely that of "other- 
reported" answers. Secondly, in the lung cancer decedents, we found 
differences, but no systematic ones, between the smoking habits as 
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reported by the person binseli and those given by the relative, A 
.comparison oi information as to cigarette smoking status obtained both 
from personal and next-of-kin questionnaires has also been made by Rogot 
and Reid (1975). Their findings^ which were rather similar to ours, 
showed that of 664 people reported by themselves to smoke, 77 were classed 
as non-smokers or occasional smokers by their next-of-kin. Hiis can help 
to explain why the relative risks of smokers to non-smokers In our Table 8 
arevery much less than those found in prospective studies such as Kahn 
(1966), Hammond (1966) or Doll and Peto (1976). For example, we found 25 
males with lung cancer who were reported never to have smoked as compared 
with 591 who apparently had done. Had this 23 contained 12 mis-reported 
by their relatives, i.e. only 2% of the "true*' total smokers, mortality 
ratios of any group as compared with non-smokers would have been under¬ 
estimated by a factor of about 2. 

However, random errors in classification of smoking habits could not 
explain why the filter/plain relative risks we have observed are so large-, 
as in general random errors tend to reduce rather than increase 
associations* For the true difference between the effects on mortality of 
filter and plain smoking to have been smaller than we have* found there 
would have had to have been a systematic over-represent at Ion of the 
proportion of filter smokers in the living or an under-representation in 
the decedents (or both) and there is no obvious reason why this should 
have happened. Thus it seems doubtful that recall bias could explain away 
any substantial part of the large filter/plain differences fotind* 

Nor do we think It likely that our corrections for time bias were 
seriously inaccurate as the estimates of relative risk obtained in two 
ways in Tables 13 and 14 are so similar. Nevertheless, in view of the 
theoretical possibility of biasses of this type, it seems advisable to 
treat our results as suggestive until confirmed. 

All other published evidence on the relative risk of lung cancer 
mortality related to smoking filter and plain cigarettes has come from the 
U.S.A. Notwithstanding our reasons for caution in interpreting our 
results, and the fact that there are differences between the U.K. and the 
U.S.A., both in the time at which filters made a serious impact on the 
market and in the type of filters commonly used, it is interesting to note 
that the relative risk of lung cancer for males found In our study. 
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(0.54 to 1) is very simila.r to that found by both Bross and Gibson (1968) 

T 

‘(Q-,.6b to 1) and by Wynder ^ (1970) (0.62 to 1). Consideration of the 
results in Table 1 vbich show a ratio of tar yields of filter to plain 
cigarettes on average of about 0.7 to 1 in the U.K. over the period 1967 
to 1975, and of those given by Vynder ^ (1970), who showed a ratio of 

about 0.8 to 1 in the U.S.A. over the period 1958 to 1969, suggest that 
this difference in risk is greater than is the difference in tar yields. 

In the three large prospective studies mentioned in section 1.9 an 
approximately linear relationship was found between lung cancer incidence 
rate and mnaber of cigarettes smoked per day. Assuming both that total 
dally tar intake is approximately proportional to the number of cigarettes 
smoked, and that lung cancer risk is related to tar intake, it might have 
been expected that the filter/plain differential in risk observed in our 
study would not have been greater than the ratio of tar yields. Indeed, 
since most filter smokers have smoked filter cigarettes for only part of 
their lives, one might have expected the differential in risk to be less 
marked than the differential in tar yields. However, there are two 
reasons which might explain, our apparently contradictory results. Firstly, 
extrapolation from a situation in which, effectively, the dose of tar per 
’^application" was constant and the frequency of application varied, to our 
situation, in which the dose varied but the frequency was constant, is 
not necessarily sound. It does not follow that the reduction in risk as 
compared with smoking 20 cigarettes of a given tar is the same for the 
situation when 10 cigarettes of the same tar are smoked as for the 
situation when 20 cigarettes of half the tar are smoked. Secondly, 
studies on mice (Davies et al (1974)) have shown that, if equal numbers of 
applications of cigarette smoke condensate are given per week, the tumour 
incidence rate is proportional more nearly to the square- of the amount of 
tar applied per dose than to the amount of tar itself. Our results would 
also appear to fit a square law hypothesis very approximately. 

However, before it be thought proven that the reduction in risk 
associated with a reduction in tar is as dramatic as our study indicates, 
it should be pointed out that two studies published more recently have 
indicated a much smaller reduction in risk. Firstly, Wynder ^ al_ (1975) 
presented results in graphical form showing the relative risk of lung 
cancer for current filter and non-filter smokers separately for smokers 
of 1-10, 11-20, 21-40 and 41+ cigarettes per day based on a hospital 
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case-control study carried out in men in three cities in the U.S.A. The 
- • ' average relative risk, appeared to be somewhere between 0.’80 and 0,S5, 

i,e, somewhat similar to the tar reduction. Secondly, Hamnioiid al (1976), 
using data iron his million person study, divided the population ol smokers 
into high, medium and low T/N (tar/nicotine) groups and compared their 
mortality prospectively. The ratio they found lor females of the mortality 
of the low T/N to high T/N groups was about 0,60 but that for males was 
nearer 0.80, Thus, although there is general agreement that the switch to 
filters, whether considered directly or through' the concomitant switch to 
lower tar cigarettes, has been associated with reduced lung cancer 
mortality, there is some doubt as to the true extent of this reduction. 

We also found a marked reduction in coronary heart disease mortality 
associated with smoking filters. This was in the opposite direction to the 
asaociatiott suggested by Wald (1976), He thought that, because of their 
currently higher average carbon monoxide levels, filter cigarettes might 
produce a higher risk than plain cigarettes since animal experiments by 
Astrup (1972) had indicated that carbon monoxide may be a major 
contributor to heart disease. Wald went on to postulate that part of the 
observed rise in heart disease mortality in the U.K, may have been due to 
the switch to filters. However, according to Bentley (1976), it is likely 
that this excess carbon monoxide of filter brands was only of recent 
origin, being due to a greater reduction of CO yields from plain brands 
around 1973 resulting from the use of very high porosity paper. Before 
then there was probably little difference between the two types of 
cigarette in carbon monoxide yield, though for both of them the general 
trend was downward. In any case Waldos hypothesis does not seem 
consistent with findings from the United States. There coronary disease 
mortality Is falling (Metropolitan Life, 1975), with the majority of 
smokers having switched to filters earlier than In the U.K, (Wootten,1960). 

Our finding was consistent in direction; but not in magnitude with 
that found by Hammond ^ jl (1976), who found an average heart disease 
mortality ratio of only 0.86 of low T/N smokers as compared with high T/N 
smokers. No other workers have published results on chronic bronchitis' . 
and cerebrovascular disease and until they, do the true magnitude of the 
relative associations of filter and plain smoking must remain in doubt. 
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In view of the importance of this subject, it will be of interest to 
' see what results esaerga frora the large hospital case-control study of the 
same 'four diseases to be carried out fay Professor M.R. Alderson in 10 
areas of the U.K. In the meantime, it seems reasonable to read our 
results as strongly suggestive that the general switch to filter 
cigarettes has been beneficial. 
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. i.Ii. Summary ol mala findlags 

‘ Mortality from all four diseases studied was significantly ■ 
associated both, with increasing age and with the smoking of manufactured 
cigarettes. The association with cigarettes was strongest for lung cancer 
and chronic bronchitis where there was a clear trend both with the number 
of cigarettes smoked and with the lerel of inhalation. It was weaker for 
coronary heart. disease and cerebrovascular disease where neither a 
significant dose-response relationship nor a significant effect of 
inhalation was seen. 

The smoking of filter cigarettes was less associated with mortality 
from all four diseases than was the smoking of plain cigarettes. This 
advantage of filter cigarettes, which was statistically significant for 
all the diseases ercept cerebrovascular disease, increased the longer 
filter cigarettes had been smoked. Those who had smoked filter cigarettes 
since 1954 had an estimated risk of mortality from each of the four 
diseases which was about a half that of continuing plain smokers. 

Although this estimate has been corrected for the fact that the 
information on the living and the decedent populations related to 
different points in time, further study is still needed in view of the 
possibility of other biassing factors that are discussed. 
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• Appendix A ^ Mortality by other aspects of the smoking habit 

In Section 1.9 we looked, at the mortality associated with some 
principal features of the smoking habit, and in particular with those 
features which might potentially have biassed the filter/plain compaxlson. 
In this section we look briefly at 'the data we collected on other aspects 
of the smoking habit. 


i 

I 

I 

1 

t 

i 

I 

I 

I 


f 


Table A1 presents relative .risks of mortality (standardised for age) 
of a more detailed breakdown of the population by smoking group than that 
given in Table 8. For lung cancer in males it can be seen that all the 
large relative risks are related to smoking cigarettes in some form or at 
some time, though there is no significant excess risk in cigarette smokers 
when they have given up for 19 years or more. Smokers of hand-rolled 
cigarettes appear to have a risk of lung cancer approximately intemuediate 
between that of smokers of plain and filter cigarettes. Smokers of pipes 
have a smaller risk, but one still about twice that of never-smokers. 

This ratio is similar to that given by both lahn (1966) and Hammond (1966). 
There were too few smokers of cigars for useful conclusions to be made. 


For the other causes of death the relative risk also appeared to be 
mainly related to the smoking of cigarettes, though the relative risks 
related to pipe-only smoking were all about 1,75 to 1. Kahn (1966) found 
a similar excess in pipe smokers for bronchitis but not for coronary heart 
disease or cerebrovascular disease. The finding of a significant excess 
risk of chronic bronchitis which persisted long after giving up smoking, 
but no significant excess heart disease or cerebrovascular disease in 
ex-smokers, was similar to that found by Doll and Peto (1976), 


Table A2 looks at mortality by type of manufactured cigarette smoked. 
Within the plain and filter categories relative risks (standardised lor 
age and amount smoked) are given by standard cigarette classifications 
based mainly on size. The results for plain cigarettes showed no overall 
advantage for either of the two categories considered though ’there was 
some indication that chronic bronchitis mortality might have been greater 
in smokers of small plain cigarettes than in smokers of medium or large 
ones. The results for filter cigarettes did not show any consistent 
advantage for any of the three categories studied. The apparent 
advantage of king-size smokers was not statistically significant for the 
majority of the causes of death studied, the relative risks being based on 

'fe-n-S -£fcO>cvci Q<<x.5 (<4 
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TABLE A1 


Relative risk of mortality (standardised for age) 
by detailed smoking group 


. 


Mala 




Fanala 

Dasailed Saoklng 







Group Catagorr 

Long 

Chronic 

Coronary 

Carabro- 

Lung 

Chronic 

■ 

Cancer 

Sronchltls 

Haart Dls. 

vascular Dls. 

Cancer 

Bronchitis 

Kavar saokad (base) 

l.OO 

1.00 

1.00 

1.00 

1.00 

1.00 

Uan. clg, only aiaokars-* 

4.74 

2.05*““* 

1.7l“"" 

1.67"’ 

4,38"“““ 

H tt 

1.65 

flltar clgarastas 






Man. clg. only saokars-* 

11.08**““ 

ttaw 

3.72 

3.83 

4.93 

9.23 

«««!• 

3.36 

plain elgaxattsa 







Band-roll«d only 

9,91 

L.49 

1.41 

0.84 

- 

- 



A* 

* 




Pip* only 

3,15 

1.80 

1.74 

1.72 

- 

- 

Cigars only 

(0.00) 

(0.89) 

(0,57) 

(o.oq’i 

- 

- 

Mixed "oCkora'' only 

(2.44) 

(0,5S> 

1.62 

<0.55) 

- 

- 

Man. clgs. and "ochars” 

5.91 

■ 1.33 

2.22 

1.75* 



now 







Man. clgs. now. 

■ 

1 fl.5S 

4.23 

4.03 

7,85 



**otli*rf'' one# 

i 






Band-rolled, now, nan. 

8.62 

4.31 

mmmm 

4.26 

«l|»« 

4.16 



clgs. once 







Plpa now, aan. clgs. 

• a m 

4.35 

1.52 

1.98 

(3.20‘) 



once 






Cigar now, nan. clgs. 







once 

(0.711 

(0.00 ) 

(I-IO) 

(0.00 > 

- 

- 

Mixed ''others” now. 

mmMm 



(1.21) 




10 .0« 

1.00 

3.67 

A 

* 

nan. clgs. once 





' 

Ex-anokars of nan. clgs. 







only 







Garo up .<4 yaars ago 

4.87 

2.27 

1.00 

1.67 

(1.63) 

1.28 



*« 

1.84 



m 

Gave up 3-B yaars ago 

4.16 

2.52 

(2.26) 

(1.09) 

2.54 








Gava up 9-18 yaarx ago 

2.99 

2.09 

1.17 

1.73 

( (0.72) 

mm 

1.99 

Gave up 19+ yaars ago 

1.31 

i.sa 

1.09 

(0.88) 








• « 

Total 

3.21 

2.07 

1.17 

1.55 

1.14 

1.82 








Otiiar ax-anokars 

; 2.94 

1.98 

1.65 

1.14 

* 



Hota; Numbara of dacadaots and living by th« lovala of thaaa factors are given la Appaadli F Table F5. 
•+• "Othara" contains hand-rollad, pipa and cigars. * 
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xa any case, one must bear in mind tiie 
possibility that relatives may have had difficulty classifying decedents 
very exactly by type of cigarette smoked, it is interesting nevertheless 
that, as with smokers of plain cigarettes, smokers of small cigarettes 
have somewhat higher bronchitis mortality than smokers of medium 
cigarettes. Combining the results for plain and filter cigarettes and for 
both sexes, this difference is highly significant. 

Table.A3 gives the relative risk of mortality (standardised for age) 
by a detailed breakdown of the number of manufactured cigarettes smoked. 

In view of the smaller numbers of people at each level the trends in risk 
for lung cancer and bronchitis mortality are not so smooth as those seen 
in Table .8. However the complete lack of dose response for coronary heart 
disease and for cerebrovascular disease noted in section 1.9 is emphasised. 
The large relative risks for female 48+ a day smokers have very wide 
confidence limits, since only three women in the living population were 
found who smoked as much as this. 

In view of Doll and Petq’s (1976) finding that the relationship 
between inhaling level and mortality from lung cancer depended on the 
amount smoked, we investigated this in Table A4. Our results, which are 
presented for all the other causes of death as well, did not give any 
indication that the association with inhaling varied by amount smoked. 
Although the numbers of deaths on which each figure is based are fairly 
small (see Table F5) they would have been sufficient to pick up the very 
marked reversal noted by Doll and Peto who found the relative risk of 
lung cancer of inhalers compared with non-inhalers to be about 2 to 1 for 
smokers of 1-14 cigarettes a day, but less than 0,5 to 1 for smokers of 
more than 25 a day. 

Table AS similarly investigates whether the association found 
between age of starting to smoke and mortality depended on the amount 
smoked. The results did not indicate any reason why the association 
found for all smokers did not apply at each level of smoking. In 
considering the results of Table A4 and Table A5 the limitations of 
information from relatives on the subject of inhalation and age of 
starting to smoke which were mentioned in section 1.9 should be borne in 
mind. 
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TABLE A2 


Relative risk of mortality standardised for age) • /i 

by type of manufactured cigarette smoked i 


Type o£ nanulacrured 

^(ale 

fenala 

' clffarett* a&aked 

tunc 

Cancer 

Cliroaic 

Broachltla 

Coronary 
Heart Dis. 

Carebro- 
▼ ucular Dls. 

Lu&c 

Cancer 

Clironlc 

aronchitij 

Kev«r eDOked (base) 

1.00 

1.00 

1.00 

1.00 

1.00 

l.OO 

Plain cigarettes 







3maJLl 

10.3o’*” 

4.65 

2.50 

mmtmm 

4.42 

7.38 

4.10*"** 

Uedlua/Large 

10.19*”* 

3.33 

3.25 

4.57***’ 

9.29 

2,BS*" 

Filter cigarettes 







1 

I Klni/Sffiall 

3.47 

2.57 

2 . 2 s”* 

(0.87) 

4.52 

1.7S* 

1 

! Intemadiato/Mediina 

i 

4.35*’” 

1 . 94 ”“ 

1.78*** 

«« 

1.80 

««« m 

5.70 

1.56* 

1 

Xlng-size 

1 * 

3.55* 

1.98 

0.83 

1 . 2 a 

(1.51) 

(1.18) 


TABLE A3 

Relative risk of mortality (standardised for age) 
by number of manufactured, cigarettes currently smoked 


' 


Kale 




Female 

Number o£ otanulactured 







cigarettes smoked 

Lung 

Clironlc 

Coronary 

Cerebro- 

Lung 

Chronic 


Cancer 

Broncbitla 

Heart Ois. 

raacu lar Dis . 

Cancer 

Bronchitis 

Never smoked (baae) 

1.00 

1.00 , 

1.00 

1.00 

1.00 

1,00 

1-7 

3,35 

3.10 

««« 

2,47 

2.55*" 

2.85 

0.34 

8-12 

4.37 

2a74 

la82 

ii mm* 

3.24 

mmmm 

3.39 

1.22 

13-17 

5.42***" 

1,39 

*«« 

2e24 

m mm 

2.57 

7.18 

1.84 

18-22 

5.38 

2*58 

rnmm 

1.79 

1.74*“ 

mmrnrn 

7,19 

mmm 

2.39 

23-27 

12.73**“* 

6.33**“* 

««« 

2*50 

2.24 

(2.25) 

5,07* 

28-32 

12.22’*“* 

4.31 

2.70*” 

4.11*”* 

11.36 

6.35**** 

33-47 

13.33 

«««« 

3.34 

2.70**** 

4.07 

23.2s”** 

m* 

17.68 

48r 

23.46 

mmmm 

10,31 

2,48 

(2,65) 

«««« 

167,97 

341,82*’** 


Note : Kuabora ot decedenta and living' by tJie lovela of these factors are given In Appendijc f Table 75, 
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In Table 8 we looked at the relative risks of mortality associated 
with- belonging to one of seven groups based mainly on ’’current” smoking 
habits, where current related to the 2-year period before death or 
interview. As these periods related to somewhat different points in time, 
and as we wanted also to gain some information on the relative 
contributions of current and past smoking to the association, we decided 
to look additionally at the relative risks of mortality by the same 
seven groups, but based on smoking habits as at particular years. The 
results for three particular years 1969, 1964 and 1954 are given in 
Table A6. In general the pattern of relative risks is veiy similar to 
that given in Table 8. This is not surprising in view of the fact that 
the smoking habits of many of the population remain constant over a long 
period of time. The only significant trend of relative risk with time is 
for lung cancer in males, especially ex-smokers. This finding is also to 
be.expected in view of the result in Table A1 that the risk of lung 
cancer reduces with the number of years for which smoking has been given 
up. 
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table A4 


Relative risk of mortality (standarUised for age) 


by, inhaling 

and by number of manufactured 

cigarettes 

smoked 




»al« 





^^ust]«r of cli^aroctas 

1 






s«ok«d/lnii&Iinc l«v«I 

Lung 

Cancor 

Cbxonlc 

BToncAltli 

Cernaarr 
H«art Dls. 

Cer.bro- 
vascular Dii. 

Lung 

Caacar 

Cliroale 

BroachItia 

1-12 S d»T 

Kone 

O.dS 

. 0.«3 

0.57 

(0.43) 

(0.25) 

0.30* 

Littl* 

O.fiS 

0.B8 

1.07 

1.46 

1.13 

0.30* 

fair usount 

0.54 

1.01 

0.85 

1.03 

3.08 

(0.35) 

Lot (baia«> 

1.00 

1.00 

l.OO 

1.00 

(1.00) 

(1.00) 

13-22 a day 







Kos* 

mmm 

(O.ia ) 

(0.44) 

<0.71) 

mm 

(0.00 > 

0.42 

(0.14**) 

Llttlo 

mm 

0.30 

0.4T 

0.85 

(0.33*) 

0.40* 

(0.13**) 

fair aaouat 

1.08 

0.80 

1.34 

i 

1.02 1 

1 

0.78 

0,30 

Lot (baj«) 

, 1.00 

1,00 

1,00 

1.00 

1.00 

1,00 

23+ a day 






■ 

Kons 

(0.43) 

(0.70) 

(1.80) 

(0,00) 

(0.12*) 

(0.05**) 

Littlo 

0.7t 

(0.37) 

0.76 

(1.27) 

1 (1.44) 

(0.00**) 

Fair amount 

1.12 

0.77 

o.9e 

2.22** 

0.92 

1.55 

Lot (baa*) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

All man. ci?. snolcars 

(standaxdlaod for ago and 

aaouBt sBolcad) 



Hono 

mmm 

0.42 

0.37* 

Q,81 

« mm 

(0.24 ) 

0*2d 

0al8 

Llttio 

mm 

0.37 

0.63* 

0.89 

0.90 

0,72 

0.23**“ 

Fair amount 

0,95 

o.ss 

1.12 

1.33 

1.07 

0.69 

Lot (baao) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 


Kota : Kujabars of decadaats and livisg faf tha l«v«Is of th«s« factorj ara sivan In Appandlx ? Tabla TS. 
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TABLE A5 


Relative risk of mortality (standardised for age) 
by age of starting to smoke and by number of manufactured cigarettes smoked 




X4l« 




7aaal« 

Suai>«r of clg;sr«ct«> 







tsoked/aff* oi atartldff 







CO laoka 

Lusff 

Cbroolc 

Coronary 

C.r.bro- 

Lusff 

Chraalc 


Canc«r 

Broocblcis 

Eoart Ola. 

TMCslar Dla. 

Caacar 

Qroatbicia 

1-12 * dajr 







<13 

o.a? 

0.28 

(0.33*) 

(0.60) 

(0.41) 

(0.00) 

13-19 (bM«) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

20-24 

0*80 

0.31 ■ 

0.62 

0.45 

(0.54) 

(0.00 ) 

23+ 

0*35 

.0.30 

0.54 

(0.46) 

0.51 

0.87 

13-22 a dAT 







<15 

0.40 

0.39 

0.72 

(0.75) 

(0.88) 

(0.00) 

13-19 (b.a«) 

1.00 

1.00 

1.00 

1.00 

1.00 

1,00 

20-2< 

o.sa 

0.6S 

1.13 

mmm 

(0.12 ) 

0.85 

(0.93) 

23+ 

0.07 

0.34 

1.20 

(0,93) 

0.53 

0.94 

23+ t day 







<15 

0.37 

0.46* 

0,71 

0.93 

(2.14) 

(2,21) 

13-19 (bai«) 

1*00 

1,00 

1,00 

1.00 


1.00 

20-24 

0.89 

0.27* 

1.51' 

(0.52) 

1,05 

(1,03) 

25+ 

0,34* 

0.23* 

1.64 

(1.38) 

0.89 

(0.40) 

All aas. clf;. ssiokors 

(stand&rdlj+d lor asd 

joaouzit aaoked) 



<15 

1 0*44 

0*43 

0.63* 

o.so 

0.86 

(0.74) 

lS-19 (baaa) 

1.00 

1.00 ■ 

1.00 

1.00 

1.00 

1.00 

20-24 

1 O.dS 

««« 

0*42 

1.07 

««« 

0*36 

0.68 

0.62 

25+ 


4mm 

0*39 

0.97 

0.75 

0.57* 

0.78 


: Humbflrs ot .(i«cedoBts uid liTioj by tb« Ivrvls of thosa I&ctoti fcro givaa is Xppasdlz y 'Tsbl* ?S. 
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TABLE A6 


Relative risk of mortality (standardised for age) 
by smoking habits as at 1969, 1964 and 1954 


- 

■ 

Male 

Female 

PreriQus smoking babltj 

Lung 

Chronic 

Coron ary 

Corebro- 

Lung 

Chronic 


Cancer 

- Bronchitis 

Heart tie. 

vaacultti" Dia 

Cancer 

Bronchitis 

As In 1969 







Kever sBOkird (base) 

1.00 

l.OQ 

1.00 

1.00 

1,00 

1.00 

Uan. clgs. X>12 a dar 

4e35 

3.08 

1.59 

2.51 

2.86 

0.90 

13-.22 a day | 

*««« 

2.69 

1,59 

«««« 

1.79 

1.60 

• ««« 

S.73 

2.51 

23■^ « day j 

11,99 

««ai« 

3.94 ' 

2.44 

2e99 

15.38 

7,15 

’TCixod" smokers 

5s47 

1.32 

2.22 

««« 

2.53 

- 

- 

"Other" smokorj 

4.06 

1.77 

l.SS 

I.4S 

- 

- 

Ex-emokers 

3a0S 

2.24 

1,32 

1.36 

(0.78) 

2.Z0 

.. As In 196-i 







Merer smoked (be^e) 

1.00 

1,00 

1.00 

1.00 

^ i.ob 

1.00 

1 

j kaja. cigs, 1-12 a day 

3.91 

2e39- 

1.54 

2.32*'** 

1 

2.70 

0,87 

1 13-22 a day 

Se6€ 

W«l 

1.98 

*««■« 

1,87 

1.58* 

6.51 

*««« 

2.87 

j 23-^ a day 

12-21 

4.77 

**nm 

2,50 

3-41 

15,39 

v« 

6.69 

j "Mixed" saokers 

1 4,53 

1.40 

2,43 

2,50*"" 

- 

- 

1 "Other" smokers 

i 

! 4,20 

««« 

1-90 

««« 

1-57 

1.68* 

- 

. - ■: 

i tx-amokers 

1.8S** 

1-52 . 

1.13 

1.57 

(0.91) 

*« 

2,14 

^ As In 1954 

1 

• 






1 

1 Never smoked (base) 

1.00 




1.00 

1.00 

1 Man. cigs. 1-12 a day 

3,44 

' *«#« 

2.08 

1.38 

2.22 

3.15 

1,00 

! only 

J 13-22 4 day 

•mmm. 

5.44 

*«* 

1.91 

«««« 

2.01 

««« 

2.02 

«»•# 

6.41 

««K« 

2,S9 

j 23-f a day 

10.46 

• ««« 

4.6S 

^«it« 

2.45 

3.59 

15,09 

««*« 

6.01 

j "Mixed** saokers 

4.53 

** 

1.78 

2.35 

«-««V 

2.73 

- . 

- 

, "Other" saokers 

m»ir 

3,36 

le72 

rnmm 

1.64 

1.10 

- 

“ 

1 £x-saokers 

1 

I 

liSo' 

1.54 

1.17 

0.95 

(0.99) 

2.13*" 


Hotm ; HiinbflJrs o£ dscadcnts and living bj th« l«vei3 oi these factors are given in Appendix 7 Table F5. 
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Appendix B - Mortality by some pergonal and environmental factors 


In tills section we look briefly at the apparent relationship each 
of those other personal and environmental factors which we studied have 
to mortality from the four causes of death. To illustrate this, the 
relative risks of mortality, standardised for age and smoking group, 
related to each of the factors are presented in Tables B1 to B4. In 
attempting to interpret the findings it is important to bear in mind that, 
unlike filter/plain smoking habits, we do not have available any 
independent evidence on the nature and extent of any time or recall biasses 
that may exist. The reader is therefore advised to treat any of the 
findings in this Appendix as indicating no more than the possibility of 
real relationships which only further research can confirm or refute. 

Coffee drinking (Table Bl) 

The living and decedent populations were classified simply as 
drinkers of no coffee, of 1-5 cups a day or of 6 cups or more a day. 

Those who drank no coffee had higher risks of mortality from each one of 
the diseases studied than those who drank 1-5 cups a day, this difference 
being highly significant in all cases except for lung cancer in females. 
Drinkers of 6 or more cups a day were relatively rare, and results 
therefore more uncertain, but in general they fitted in with the trend of 
decreasing mortality with increasing coffee consumption. 

As coffee drinkers tend to differ from non-coffee drinkers in many 
respects, we looked to see whether any of the other factors which we have 
measured might account for our observed association. Standardisation, in 
addition to that for age and smoking group, for either social class 
(coffee drinkers tended to be of higher social class than non-coffee 
drinkers) or filter/plain smoking (coffee drinkers smoke relatively more 
filter cigarettes) scarcely altered the'relative risk estimates. Nor did 
it seem likely that any other factor we had studied could have more than 
marginally biassed the relative risk estimates, since-there was no other 
factor which was strongly associated both with coffee drinking and 
mortality. Time,bias could explain a small part of the relative risk as 
coffee consumption tended to increase in the year's up to 1972, but this 
would still leave the major part of the apparent association unexplained. 
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TABLE B1 


Relative risk of mortality (standardised 
by coffee and tea consumption, by 
and sort of drink usually 


for age 
alcohol 
taken 


and smoking group) 
frequency 


Factor studied/. 

Kale 

Female 

Lua® 

Chronic 

Coronary 

CarePro- 

Lung 

Chronic 

L«t«1 of factor 


Caacwr 

Bronchitis 

Heart Dla. 

V tscular Dis 

Cancer 

Bronchitis 

COFTtS (cttpa per day) 







None 

3.07 

2.75 

l.fil“** 

* 

l.SB 

1.33* 

2-30 

1-5 (base) 

1.00 

1.00 

1,00 

1,00 

1.00 

l.DO 

6* 

1.00 

(1-02) 

0-55* 

(0.35 ) 

(0.64) 

(0.37) 

TEA (cups per dsy) 







Xoue 

0.47* 

1 

(0.48) 

mm 

(0.34 ) 

0.66 

(0.00**) 

mm 

(0-00 . ) 

1-2 (base) 

1,00 

1.00 

1.00 

X.OO 

1,00 

1-00 

9+- 

i 1.32* 

1.43 

mmmmt 

X,35 

1.17 

mmm 

i.es 

1.64 

AicoROL rsEcirency 

i 

i ’ 






Uost days/2-3 times a 
week 

leT6 

1.30* 

1.01 

1.26 

' 1.34 

■ 1.2S 

Once a veek/osce a 
south (base) 

i 1.00 

1.00 

l.OO 

1,00 

1.00 

1,00 

Less often/not at all 

1,31* 

1.00 

1.2S 

■ 1-21 

1.28 

1.02 

DRIKE tJSOALir TAKEN 







Seer 

1,47 

«flC« 

1,42 

1,03 

0,99 

1,26 

««« 

Is65 

Not beer or noa-drlaJcar 
(base) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Spirits 

o.9e 

1.23 

1.00 

1.33 

0.95 

■ 1.13 

Not spirits or nqn- 
drlnker (base) 

1.00 

1.00 

1.00 

1.00 

1,00 

1.00 

Tine 

0*45 

0.35 

0.47 

0.86 

1.40 

1.05 

Not vine or aoa-dricker 
(bsse) 

1.00 

1.00 

1,00 

1.00 

1.00 

1.00 


Kota : Kuab^rs ot doc»deatj Md living by th* levals of tt*s» <»ctorj at* given in Appead±:c F Table F6. 
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Our findings for coronary heart disease are at variance with those 
from, other workers (e.g. Yudkin et al (1964), Jick et al (1972), 

Hennekens ^ (1976)) which have shown either no effect or some adverse 

effect of coffee. As far as we are aware there is no other available 
epidemiological evidence on coffee drinking as regards the other diseases. 
Further study seems indicated. 

Tea drinking (Table Bl) 

Questions about tea drinking were asked similarly to those on coffee 
drinking. In this case, however, mortality trends were In the opposite 
direction, drinkers of 6 or more cups a day having risks significantly 
higher than those of 1-5 cups a day for all causes studied except 
cerebrovascular disease. Only 3% of the living population drank no tea, 
but even So their relative risks could be shown to be significantly low 
for a nujBber of the diseases. 

In previous published work, no clear connection between tea drinking 
and mortality was found for lung cancer in men (Stocks, 1957), nor lor 
acute myocardial infarction (Jick and Slone, 1972). 

Alcohol consumption (Table Bl) 

Questions were asked both on. frequency of consumption of alcohol 
(on a six point scale) and on the type of drink usually taken. After 
standardising for age and smoking only one significant difference was 
found between those who drank most days or 2-3 times a week and those who 
drank once a week or once a month. This was for lung cancer In males 
where the relative risk for the more frequent drinkers of 1.76 was 
highly statistically significant. Additional standardisation for social 
class tended to increase slightly the relative risk estimates for this 
comparison for lung cancer and bronchitis, the bronchitis comparison for 
males becoming significant at the 95% confidence level (relative risk 
1.46). No significant differences were found for heart disease or stroke, 
whether standardised additionally for social class or not. Nor was any 
significant difference found when those who drank less often that once a 
month or not at all were compared with the intermediate group of drinkers. 

Those who drank beer had an excess mortality from lung cancer and 
bronchitis as compared with those who did not, this excess being marked 
when social class was standardised for. On the other hand, those who 
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TABLE B2 


Relative risk of mortality Cstandardised for age and smoking group) 
by lack of exercise, obesity index, presence of moming cough 
and whether close relative had died of related diseases 



Male 

F anaie 

“ 

Lung 

Chronic 

Coronary 

Cerebro- 

Lung 

Chronic' 


Cancer 

Bronchitis 

Heart Dls. 

vascular Dls. 

Cancer 

Bronchitis 

LSyZL OF EtERCISE 







A lot 

1.S6 

•1.27 

i.ia 

0.82 

1.64 

mmm 

1.75 

Uodertte (besa) • 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Little or none 

0.87 

1-71 

le 47 

1.15 

OeSS 

1.66 

OBESITy INDEI 







>3,6 

0,70 

0,60 

1.13 

1.19 

1.43 

1.39 

3.2 - 3.6 (bearal 

1,00 

1.00 

1,00 

1.00 

1.00 

1.00 

<3.2 

1.17 

1,28* 

0.S8 

0.37 

«« 

1.58 

««— 

2.01 

HORNING COUGH 






- 

Csuslly coughs first 
thing *.m.; la winter 
end sunaer 

2e79 

mrnmm 

8.02 

*«ai 

1.38 

1.22 

4.76 

5-84 

Does not (bese) 

1,00 

' 1.00 

l.OQ 

1.00 

1.00 

1.00 

DEATH 0? RELATIVE 







Close ralstlTe died 






««« 

1-33 

of bronchitis, csncar, 
hesrt ictsclc or atrofca 

1.61 

1.70 

2.14 

3.49 

1.70 


Did not (base) 

1.00 

1.00 

1,00 

1.00 

1.00 

1.00 


Note : Nuabers of decedents end llrlny by the levels of these fietors ere given In Appendix 7 Tahia FS. 


ro 
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drank spirits had similar mortality to those who did not, while those who 
drank wine tended to have a reduced mortality, this reduction being 
significant for three diseases in males* 

Stocks (1957) found an association between lung cancer and beer 
drinking in light cigarette smokers, pipe smokers and non-smokers but no 
association in men smoking over 100 cigarettes weekly. On the other'hand, 
Schwartz et al (1957) concluded that, after taking into account tobacco 
consumption, alcohol was-not associated with cancer of the lung and 
Sackett ^ ^ (1968) In an autopsy study found no relation between the 
degree of aortic atherosclerosis and the use of alcohol. 

Level of exercise (Table B2) 

Our findings show for both sexes a positive relationship between 
amount of exercise taken and lung cancer mortality, those who took a *lot 
of exercise having about twice the risk of those who took little or no 
exercise. For coronary heart disease, on the other hand, the trend was 
significantly negative with those who took little or no exercise having 
high risks. The relationship with chronic bronchitis mortality was 
U-shaped, especially for women, where both extremes of the scale had 
significantly higher risks than the moderate exercisers. 

Obesity index (Table B2) 

Obesity index was not significantly related to either coronary 
heart disease or cerebrovascular disease, but it was related to lung 
cancer and-bronchitis to some extent, fat men having significantly 
smaller risks and thin women having significantly larger ones. 

Morning cough (Table B2) 

Morning cough was found, as expected, to have a very strong 
positive relationship with chronic bronchitis mortality. This relation¬ 
ship was also strong for lung cancer, but much weaker (though still 
significant) for coronary heart disease. 

Death of relative (Tables S2 and B3) 

For all diseases, there was a greater tendency for the decedents 
rather than the living to have had at least one close relative reported 
to have died from bronchitis, cancer, heart attack or stroke. This was 
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TABLE B3 


Relative risk of mortality (standardised for age and smoking group) 
by whether parent or sibling died of bronchitis, lung cancer, 
heart attack, stroke or other cancer 


- 

^ale 

Feaale 


Lung 

Chronic 

Coronary 

Carebro- 

Lung 

Chronic 


Cancer 

Bronchitis 

Heart Dis, 

vascular DlS. 

Cancer 

Sronchitis 

PASEMT DIED OF 


, 





timg Cancer 

1,80* 

(0.53) 

(0.34**) 

(0.43) 

(0,34) 

(0.66) 

Bronchitis 

0.9S 

mm 

1,74 

0.87* 

1.01 

CO *00 ) 

1.53 

Heart Attack 

1,20 

1,02 

mmmm 

2.68 

mm 

1.70 

1.20 

0.S8 " 

Stroke 

1,00 

1.21 

1.17 

3.08 

(0,37) 

(0.37**) 

Other Cancer 

1.58 

0.98 

1,14 

1.01 

1.91 

0.36 

SIBLING DITD OF 







Lung Cancer 

3-16 

1.11 

0.88 

1.38 

2.21* 

0.89 

Bronchitis 

Z.49 

rnmmm 

6*55 

1,29 

2.98* 

mm 

3*54 

*mmm 

4*98 

Heart Attack 

1*73 

2*90 

6,0T 

5.08 

1.50 

2.86 

Stroke 

2.08* 

mmm 

2,68 

mm 

2.41 

vww 

8.49 

3,12** 

3.29*** 

Other Cancer 

1.70 

1.62** 

1.53* 

mm-mm 

2*81 

mmmm 

2*62 

0.89 


* risks quotad are compared »itli those who did not have a parent (or sibling) who had died of 

the particular disease 

Note ; Numbers o£ decedents and living by the levels of these factors are given In Appendix ? Table F5. 
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somewhat more marked for decedents from coronary heart disease or 
cerebrovascular disease than for lung cancer or bronchitis (Table B2), 

In Table B3 this analysis is broken down by considering whether the 
relative was a parent or a sibling of the deceased, and which particular 
disease was involved. Three significant findings are clearly seen from 
the results.- Firstly, having had a sibling reported as having died from 
one of the diseases was far more predictive of mortality from any of the 
diseases studied than haying had a parent so reported. Secondly, 
decedents from one particular disease were very much more likely than the 
living controls to have had a relative reported as dying from the same 
disease. Thirdly, decedents from one particular disease were usually 
more likely, and often significantly more likely, than living controls to 
have had a relative reported as dying from another one of the diseases. 

The second conclusion is seen most clearly in Table B3 by noting the-large 
relative risks in the descending diagonals, while the third conclusion 
stems from the tendency of off diagonal relative risks to exceed the value 
of 1 that would be expected had no association been present. 

In considering these results the strong possibility of recall bias 
must be borne In mind. In particular it seems quite plausible that the 
relative of the decedent is more likely to remember a case of another 
person in the family dying from the same cause that the decedent died 
of rather than from some other cause. 

Exposure to dust, fumes and pollution (Table B4) 

No marked association, was found between general exposure to dust, 
gas or fumes at work and mortality from any of the disease studied, 
though men working in dusty jobs did have a small but significant excess 
(28%) mortality from chronic bronchitis. 

When particular types of dusty job were studied, this excess 
bronchitis rate was clearest in foundry workers. A significant 
association, though based on very small numbers of deaths, between 
working with asbestos and mortality from both lung cancer and coronary 
heart disease was also found. 
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More marked than the association of mortality with exposure to dust 
• or fumes at work was that with exposure to pollution in area of residence. 
Those living in areas of high pollution had about 70% greater mortality, 
for all the diseases studied, than those living in areas of intermediate 
pollution. 


TABLE B4 


Relative risk of mortality (standardised for age and smoking group) 
by exposure to dust, fumes or pollution 



Male 

Female 


Lung 

Chronic 

Coronary 

Cerebro- 

Lung 

Chronic 


Cancer 

Bronchitis 

Heart Dls. 

vascular Dls 

Cancer 

Bronchitis 

EXPOSURE TO FUMES 







Ever exposed to gaa or 
fumes 

1.16 

i.or 

1.05 

0,92 

1.79 

i.oa 

Mot exposed (base) 

1,00 

l.OO 

1.00 

1.00 1 

1 

i.QO 

1.00 

EXPOSURE TO DUST 







Ever vorked In a dusty 

Job 

1,04 

mm 

1.2S 

0.99 

0.89 

1.07 

l.IS 

H«v«r vorked (base) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

TYPES OF DUSTY JOB"^ 







Coalmine 

0.73 

1.31 

1.42 

0.81 

- 

- 

Other nine 

0.B3 

1.15 

1.30 

0.72 

- 

- 

Foundry 

1.01 

1,68*** 

1,09 

1,23 

- 

- 

Asbestos 

3.48** 

(0.35) 

mm 

3.02 

(0.00) 

- 

- 

Other dusty Job 

1.22 

1.20* 

0.36 

0.33 

- 

- 

POLLUTION level AT 

HOME ADDRESS* 







High 

«««« 

1.69 

1.76 

1,74 

1,80 

1.37* 

1.67** 

Intermediate (base) 

1.00 

1.00 

1,00 

1.00 

. 1.00 

1.00 

Lov 

1.30* 

0.79 

1.2S 

m 

1.45 

1.47 

0.95 


+ For eich of the 5 t^pea of dusty job, relative rislss quoted are compared with the total populatiou 
excluding that 1 type and are standardised lor age only, 

» Eatimatea available lor Teessida C-B. only 

Mote : Mucibera of deceCents and living by the levels of these factors are given in Appendlsc F Table r6. 
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Appendix C - Diatributioa of type of lung cancer found 


Two years after the interviewing in the main study had been 
completed, it was felt that it might be useful if information could be 
obtained on the lung cancer type of the decedents from lung cancer. It 
has been pointed out by a number of other workers that the association 
between smoking and lung cancer was mainly present in those dying from 
squamous or oat-cell carcinoma and that there was little or no association 
between smoking and adenocarcinoma. We felt that by removing the adeno¬ 
carcinoma cases from the decedents we might clarify some of the relation¬ 
ships between aspects of the smoking habit and lung cancer. 

By reference to histological and cytological information from the 
hospital records we were able to classify the majority of the lung cancer 
decedents (i.e. those who had lung cancer on their death certificates) by 
the type of lung cancer they had. Table Cl summarises the information 
found. It can be seen that the percentage of lung cancer decedents 
definitely known to have had adenocarcinoma was very small, 3.4% of males 
and 6.2% of female cases. This percentage is similar to that given by 
Doll and. Hill (1954) who found 33 adenocarcinomas in their series of 916 
lung cancers but less than that found by some other workers, e.g. Ashley 
and Davies (1967). As ^Vhitwell ^ (1974), who studied cases occurring 
in Broadgreeu Hospital, Liverpool, showed, the frequency of adenocarcinoma 
can depend very much on how the lung cancer cases are obtained. They 
found 2% in a bronchial biopsy series, 9.5% in an operation specimen 
series and 23% in a postmortem series. 

We next looked at the relationship between lung cancer type and 
smoking habits. Table C2 gives for each of the main groups of lung cancer 
type, the distribution of smoking habits as given by the person himself 
which had been extracted from the hospital records. For males, although 
there was a somewhat greater proportion of non-smokers among the adeno¬ 
carcinoma group than among the other groups, this difference did not 
approach significance in view of the small numbers involved. For females 
there was only one person who both had an adenocarcinoma and had smoking 
habits available, and although she was a non-smoker no conclusions could 
validly be drawn. For both sexes the distribution of smoking habits was 
very similar for the'squamous and oat or small cell groups. 
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TABLE Cl 



I 


\ Lung cancer type of lung cancer decedents 

i 

I 



Male 

Lung Cancer Type 

Source of Information 



. 

Histology 

only 

Cytology 

only 

Both 

Total 

Percent of 

Total classified 

Squamous carcinoma 

95 

89 

44 

I 

228 

51.7 

Oat or small cell 

carcinoma 

36 

24 

17 

! 77 

! 

17.5 

Adenocarcinoma 

14 

1 

0 

15 

3.4 

Mixed or other 

2 

0 

0 

2 

0.5 

No lung cancer 

microscopically 

confirmed 

, - 4 

96 

19 

119 

26,7 

Total classified 

151 

210 

80 

441 i 
1 

100.0 

Without histology or 

cytology 



133 

1 

No information for decedent found 

in records 


65 


Overall total 



1 

639 



i 

I 

t 




1 Female 


Squamous carcinoma 

26 

8 

1 

35 

36,1 


Oat or small cell 







carcinoma 

15 

11 

5 

31 

32,0 


Adenocarcinoma 

6 

0 

0 

6 

6.2 


Mixed or other 

1 

0 

0 

1 

1.0 


No lung cancer 






1 

microscopically l 






1 

confirmed 

1 

16 

7 

1 

24 

1 

24.7 

i 

i 

Total classified 

49 

35 

13 

97 

100.0 

i 

Without histology or 

cytology 



39 j 


1 

No information for decedent found 

in records 


18 ! 



1 1 ‘ 

Overall total ! 154 ' 

' I 
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TABLE C2 


Relationship between lu,ng oancer type and smoking habits 


Smoking habits 

Male 

(taken from 
hospital records) 

Squamous 

Oat or 

small cell 

Adeno¬ 

carcinoma 

Total 

Kon-3maker 

14 (7.5%) 

3 (4.9%) 

2(14.3%) 

19 (7.3%) 

Manufactured 
cigarette smoker 

160(85.6%) 

54(88.5%) 

12(85.8%) 

226(80,3%) 

Rand-rolled 

10 (5.4%) 

4 (6.6%) 

0 (0.0%) 

14 (5.3%) 

Pipe or cigar 

' 1 (0.5%) 

0 (0.0%) 

0 (0,0%) 

1 (0.4%) 

Ex-smoker 

2 (1.1%) 

0 (0.0%) 

0 (0.0%) 

2 (0.8%) 



Female 

Non-smoker 

3(13.6%) 

4(17.4%) 

1(100,0%) 

8(17.4%) 

Manufactured 
cigarette smoker 

19(86.3%) 

19(82.6%) 

0 (0,0%) 

38(82.6%) 

In view of the 

findings both 

that the number 

of patients 

with 


confirmed adenocarcinoma was so low, and that a very substantial 
proportion of the males who did have adenocarcinoma smoked, it did not 
seem worthwhile to carry out any further analyses such as recalculating 
the lung cancer relative risks given in Table 8 looking only at non- 
adenocarcinoma decedents. The relative risks associated with the various 
categories of smoking would certainly have turned out to be virtually 
identical to those given for all lung cancer decedents. 


66 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 


2063631090 



Appendix D Smoking habits according to the rela.tl've compared with those 
, according to tlie decedent 

As stated in section 1.5 the smoking habits as reported by the Inng 
cancer decedents when they were in hospital were provided for us, where 
available, from the hospital notes. As a different questionnaire had been 
used in hospital from that used to’obtain information from the relatives, 
a direct comparison of exactly the same smoking group classifications was 
not possible. However it was possible to produce a classification by 
four broad groups of smoking habit, and the degree of agreement from the 
two sources is illustrated in Table Dl, The table shows that there is a 
considerable area of agreement as to whether or not the lung cancer 
decedents had ever smoked manufactured cigarettes, but much less agreement 
as to whether they had smoked other materials or had been ex-smokers. 

This latter finding was possibly due to differences in the way the 
questions had been asked rather than to either the relative or the 
decedent, when in hospital, giving biassed answers. 

It was also possible for us to compare the answers to numbers of 
cigarettes smoked. As Table D2 shows, the degree of correlation was 
fairly poor, agreement being reached in only 44 % of cases. The dis¬ 
agreement did not, however, appear to consist of a marked bias in any 
one direction, as can be seen from the overall distributions of smoking 
level as measured in the two different ways. 

Our findings are In broad agreement with those given by Rogot and 
Reid (1975) who studied a more general population with a larger proportion 
of non-smokers. They are also similar to those of Todd (1966), who in 
1964 interviewed relatives of 193 people who had given information on 
smoking habits in 1948/50 and had subsequently died. Stocks (1957), 
however, who compared smoking histories given by male cancer patients and 
by relatives of the same patients after their death, came to a somewhat 
different conclusion. He found that widows tended to understate the 
numbers of cigarettes smoked by their husbands, giving average numbers of 
cigarettes smoked per week as 136 according to the patient and 104 
according to the widow. However they did not give any information as to 
the distribution of the differences between the two methods. 
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TABLE D1 


Smoking habits of lung cancer decedents as given by relatives 
compared with those taken from hospital records 



Hospital rscorris 




2r1« 



! _ 


Fensla 



Non- 

SBOicar 

eies 

OttJ^r 

saokar 

m 

Soa- 

saak*r 

Mui. 

ciss 

Ex-i 

5IQOiC*r 

Tot*l 

saokvd 

7 

3 

0 

0 

1 

10 

S 

2 

0 

10 

eies’ oulr 

4 

212 

1 

0 

217 

2 

48 

1 

51 

2iClxa<l Ot 

3 

78 

31 

1 

101 

1 

- 

- 


Zx*«aak*r 

12 

3S 

. 2 • 

•3 

S4 

2 

4 

a 

S 

Torxl 

2d 

329 

24 

3 

392 

1 

12 

54 

1 

57 


TABLE D2 

! 

Number of manufactured cigarettes smoked a day by lung cancer decedents 4 

• as ^iven by relatives compared with that taken from hospital records i 



Hospital records 

kelatlT* 

kol* 

7«aale 



1-13 

. 13-22 

28+* 


Total 


1-12 

• 13-32 

23*f 

Total 

1-12 

17 

21 

19 


57 


e 

4 

1 , 

U 

13-22 

18 

37 

23 


32 


7 

11 

0 

13 

23-t> 

10 

24 

42 


89 


1 

8 

5 

14 

Totil 

42 

92 

92 


229 


14 

23 

S 

43 


69 


' I 
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Appendix E - Details of statistical method 


This appendix, gives full details o£ the method, outlined in 
section 1,6, used to derive a single relative risk estimate from a 
number of 2 x 2 sub-tables and to test the estimate for significance 
and consistency. 

We consider first the single 2x2 sub-table with observed data 
as follows: 


Factor 

Positive Negative Total 

Dead d^ d^ D 

Living 1^ 1^ L 

Total P M T _ 

If the true proportion of positive is y in the dead and z in the 
living, and r is the relative risk it follows that the 2x2 sub-table of 
expected proportions can be written in terms of z and r as follows: 

Factor 

Positive Negative 

Dead rz/Cl-z+rz) {l-z)/(l-z+rz) 

Living z (l-z) 


Thus the log-likelihood, L, associated with the observed data is 
given by the expression: 

L = d^log r + P log z -t- M log (1-z) - D log (1-z+rz) (1) 

We wish to find the maximum of L in 3 situations: 


a) r known to be 1 

If r = 1, L collapses to P log z + M log(l-z) and is a maximum with 
respect to z when z = P/T. The value of this maximum, L^, is given by: 

- P log P + M log M - T log T (2) 

b) r maximum likelihood for the single 2 ic 2 sub-table 

L is a maximum with respect to r and z simultaneously when both 

dL/dr - 0 and dL/dz = 0 hold. This occurs when z = 

r = (d 1 )/(d,.l_). Here the value of the maximum, L" , is: 

1 z 21 MAa 
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^2 ■*' ^2^°^ ^2 “ ^ D - L log L (3) 

It is easy to show that if one or more of the row or column totals 
(D, L, P or M) are zero, then h' = L' , In this situation, we define 

-J- jttAX 

the sub-table as contributing no “ useful ” information, 
c) r known, but not equal to 1 

If r is known, L is a maximum for that z which solves dL/dz = 0 or 

P ^ JJ_ _ D(r-l) ^ Q 
z 1-z i-z+rz 

Rearranging this yields a quadratic equation in z 

2 

Az + Bz + C = 0 

where A = Lv, B = T+(D-P)v, C = -P and v = r-1. 

Although, this quadratic has two solutions, only the first 

= (-B +7b^-4AC)/2A 

lies in the range (0,1) arid is acceptable (see Lemma 1 at the end of this 
Appendix). Substituting z^ Into equation 1 gives the value of the 
maximum log-likelihood with r known. 

Thus, for a single "useful” 2x2 sub-table, significance can be 

tested, using the likelihood ratio test by taking 2CL'' - L") as 

MAX 1 

asymptotically x^'distributed with 1 d.f. Similarly a test of the 
adequacy of a "known" value of r* can be tested using ^ ' 

We next consider the case of a number of sub-tables. L and L , 

1 NtAX 

as defined in. section 1.6, can be computed simply by summing 

(respectively) the values of L' and L'' obtained from each useful sub- 

1 MAX 

table. 

To find the single value of r best fitting all the sub-tables, with 
associated log likelihood L^, we use the fact that, given a particular r, 
the log likelihood can be calculated from the sum over the useful sub¬ 
tables of the values of L^. Thus finding simply involved maximizing 
this sum with respect to the single variable r. 


71 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 


2063631094 


Lemma 


It ia required to prove that lies inside and Z2 outside the 
range (0,1) where = (-B + Jb^~4AC)/2A, = (-B -Jb^-4AC)/2A and A, B 

and C are aa defined in c) above. 

Sub—leiaiaa 1 A + B + C is positive 

Proof: A + B + C = v(L+D-P)+(T-P) 

= Mv + M 

= Mr which is positive as r>0. 

Proof of lemma Consider the cases a) r>l b) 0'^r<l in turn 

a) As r>l, v>0 and it follows that 

A>0 

4AC<0 

- 4AC>B^>0 

and it follows directly that both z, and z- are real and that z, is 

12 1 

positive and z^ is negative. 

By rearranging the expression in it can be seen that 

z^<l if and only if B^-4AC<(2A+B)^ 

i.e. if and only if 0<A + B ,+ C 

which is true by sub-lemma 1. 

It follows that z lies inside (0,1) and z outside. 

JL /jt 

b) As 0<r<l, -l<v<0 and it follows that 

A<0 

4AOO 

2 2 
B - 4AC<B 

2 2 

As (B -4AC) - C2A+B) - -4A{A+B-fC) which is positive (using sub-lemma 1) 

tt follows that both z and z are real and positive and that z >z_ , 

1 ^ 2 i 

By rearranging the expressions.in z and z it follows that 

z^<l and ^ 2 "^^ both true if and only if B^-4AC> (2A+Q) ^ 
which we have already shown to be true. 

Thus, again, z^ lies inside (0,1) and outside. 
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TABLE FI 


Supplement to Tables in Section 1.8; numbers of deaths and in the living population by age, 


social class and district 



Oaa&dantm 

LI V > ug 

Factor aludleJ/ 
l.evel Of factor 

Uale 

PeMAl« 

Ma i« 

Feaa la 

Luog 

Gruco^ 

Ctironlc 

Bronchitla 

Coronary 
Usart Dlfl» 

CArebra- 
vaacular Dl«. 

Lung 

CAnc«r 

Chronic 
Sro&chltl« 

36t 

36-64 

3af 

A.GB 










qs-44 

14 

8 

43 

38 


3 

760 

760 

8Q0 

45-54 

86 

2S 

190 

78 

27 

12 

786 

786 

796 

66-84 

219 

08 

337 

188 

48 

32 

560 

660 

693 

G&f 

SOI 

400 

~ \ 

- 

68 

171 

478 


770 

SOCTAL CLASS 








♦ 


1 u n 


ll 

67 

26 

3 

3 

304 

280 

176 

tii 

267 

Ml 

288 

140 

28 

0 

1313 

1167 

642 

IV 

122 

73 

137 

47 

17 

0 

491 

366 

391 

V 

98 

78 

79 

82 

17 

11 

• 283 

208 

276 

0 L h 0 r 

92 

228 

22 

11 

IQ 

42 

188 

74 

179 

llcuuttwt C o 

- 

- 

- 

- 

76 , 

144 

- 


1396 

DIETHICT 










Kfl t on 

86 

42 

84 

23 

12 

18 

422 

348 

466 

StacVtan 

100 

06 

106 

33 

27 

SB 

425 

343 

485 

ex-8tokealay 

14 

3 

16 

a 

4 

3 

186 

130 

208 

Ruot of Tcasalcic 

300 

383 

244 

133 

aa 

, 100 

820 

64L 

940 

Hurt Itipool 

77 

88 

as 

67 

27 

64 

464 

368 j 

613 

UrUan Dlatrlcttf 

<54 

37 

68 

41 

13 

8 

277 

226 j 

318 


i 


i 

t 

i 

c 

i 




t 




Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 















TABLE r2 


Supplement to Tables In Section 1,9; numbers of deaths and in the living population 
by smoking: group, by level of Inhalation and by age of starting to smoke 



noceiiants 

Living 

Fjactor studied/ 

U*lo 

F««al« 

HaU 

Fanal• 


Lunf 

CUICAP 

Obronlc 

Coronary Corobro" 

Uaart Di». vtacular Dll, 

Lung 

.Cancor 

Cbroaio 
Sroncbt tl9 

3Br 

33-64 

3S<- 

suoKiKQ cnoup 











Novor snokuJ 

2& 

47 

61 


27 

41 

120 

010 

iao 

1538 

Usa. cl£S. only 











1-12 « diy 

B1 

07 

64 


SO 

31 

as 

204 

196 

4ua 

13-23 a tiny 

123 

7fi 

na 


sa 

1 

4i 

ai 

429 

312 

621 

231- * day 

131 

aa 

87 


S3 

a? 

at 

' ■ 237 

218 

ISl 

Mixed ucacikarB 

102 

04 

tie 


Id 

- 


300 

313 

- 

OtUor Biookara 

63 

00 

01 


19 

- , 

- 

326 

2S1 

- 

Ex-[t[aakot*s 

80 

iia 

67 


33 

7 

aa ■ 

417 

300 

202 

IHIIALIHG HABITS 



{Hunbor* rofor 

to 

nanulao tu 

r«d clgarattos 

□ aly sikokora) 




Hoiio 

31 

23 

It 


i 

la 

14 

74 

48 

'207 

Llttla 

t 

40 

?a 

30 


34 

as 

9 

137 

las 

331 

1 1 

Fair Aiaount * i 

03 

02 

aa 


SO 

20 

16 

260 

231 

301 

Lot 

160 

103 

217 • 


04 

33 

30 

4ia 

307 

317 

IGE OF 6TAn.TING TO SWOKB 



(Hunber« toCqt 

to 

nanulaotu 

red cliarattaa 

otily anolcara) 




<15 

44 

33 

as 


32 

7 

4 

10S 

110 

100 

J3~1D 

160 

iia 

120 


7B 

39 

31 

483 

435 

504 

o 

ea 

23 

46 


11 

IB 

0 

161 

130 

220 

25t 

34 

10 

22 


12 

27 

20 

76 

57 

274 


T 


860XC9S90S 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 












TABLE F3 


Supplement to Tables in Section 10a; numbers of filter smokers (F) and of plain smokers (P) 

' in the living population by levels of various factors studied (with result of age-standardised 

significance tests (p) of differences In distribution) 


Factor aluJlcd/ 

Laval ot thctof , 


Fon*!^ 

Factor «tudl«d/ 

f M#U 

Penala I 

? 

P 

T 

P 

tavol ot factor 

r 

P 

F 

P 

OiaTillGT 





TEA <oupa par d*y) 

^ ' 18 

1 



Ka ton 

105 

00 

180 

37 



U 

47 

2 

Sluckton 

91 

42 

• 167 

24 

1-6 

323 

155 

483 

B5 

ojt-Stoktjaley 


Ifl 

83 

10 

6+ 

299 

146 

452 

aa 

Hast of Toaaaide 

aos 

100 

304 

60 

P 

Hot 

•U- 

Mot 

« iK. 

lla r t lupool 

107 

45 

186 

20 



i 



Urban Platrlcta 

«5 

34 

00 

10 

ALCOtlOL FBEQUEHCY 





P 

«o^ 

• u . 

^ot 

• It* 

Uoat d«y4/2-3 f, wapV. 

343 

103 

284 

68 






Ooca a tiaaV/Ooca a Month 

144 

50 

281 ' 

37 

BOCIAL CLASS 















t.«j« oCten/Kot «t kH 

123 

59 

313 

74 

I r II 


14 

65 

4 

P 

<0.05 

■«0,03 

m 

aift 

156 

247 

2Q 






IV 

194 

03 

175 

34 

DBIHK USUALLY TAKES 





V 

70 

61 

97 

25 











Qaer 

606 

265 

423 

B2 

OUlor 1 

53 

23 

370 

71 











Hot baor/noa-drlnkor - 

153 

47 

6S4 

78 

llauacurl to 

— 


31 

7 











P 

Hot 

• lE* 

Hot 


P 

<0.001 

<0.05 











Spirit* 

57 

23 

262 

27 

cor FES <aup8 par cl»y> 





Not Jplrita/non-drinkor 

553 

280 

60S 

143 






P 

Hot 

• U . 

Hot 

ale. 

Nona 

264 

161 

347 

aa 






1-5 

303 

lia 

650 

70 

Wtna 

36 

9 

136 

13 

6 + 

41 

12 

00 

» 

Hot Wlaa/noD-drtnkar 

674 

303 

851 

157 

P 

<0.051 

<0.01 

P 

‘ 4 

Hot 

• u. 

Hot 

1_ 

• IjC • 


660l£9esoz 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 



TABLE F3 (continued - 1> 

Supplement to Tables In Section I»lOa; numbers of filter amolcers (F) and of plain smokers (P) 
In the living population by levels.of various factors studied (with result of age-standardised 

significance tests (p) of differences in distribution) 


Factor 

Ual* 

Fenele 

Factor atudled/ 

Uale 

Fe>M lo 

Lovol ot factor 

r 


P 

r 


P 

Leyel of factor 

i - . ..- ... ... . -. 

t 

P ’ 

P 

IJ'VBI. OP EXEnClflB 







Kxpoauns to fuuss 





A lot 

303 


117 

931 


to 

Bvar expoeod to |aa or tuxea 

171 

Bt 

30 


Mi)dor»ta 



10? 

422 


73 

Hot expoaeO 

j 437 

214 

949 

1‘ 

Little or none 

ist 


DO 

2P4 


39 

P 


Hot ilg. 


Hot Bit. 

P 


Hot 



Not el|c. 


KXPcaunH TO dust 


. 



OCEGITf limEX 







Kver varked lo duaty Job 

317 

■■ 

IPC 

141 


>3 .fl 

173 


80 

167 


33 

Haver worked 

302 

119 

847 

i: 

3.2 - 3.6 

300 


130 

304 


01 

P 


<0,01 


<0.001 

<3.2 

123 


80 

406 


73 






P 


<0 

,1 


Hot ilf. 


POLLUTIOH LIVEL AT UQUK 










- 


ADonEsa* 





UOIllffHO CDUOll 







tilth 

40 

32 

103 

a 

Ueunlly coU{hA flrat 







Interaedlate 

286 

up 

400 

7 

tlkliiK n.n. tn. ^latt>r 

1 24ft 


170 

237 


Cl 

Lev 

103 

4B 

102 

I 

«n<i jiuaiaer 

Poo8 not 

960 


141 

761 


lOO 

** 


Hot alt. 


Hot aft. 

P 


<0. 

DOl 


<p.01 







DEATH Of flELATIVE 





I 







CJoAB relative died of 
broncliltie, ennesr^ 

heart etlpck or etrok^ 

a 12 

■ 

112 

391 


71 






Did not 

397 


IDO 

696 


90 

a . 





P 


Hot 

i 


Hot elf. 


1 


i 




i ftVki]abl« tor C.D. only 


0OXTe9e902 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 

















TABLB F4 


Supplement to Tables in Section I.10b; numbers of living people for wlxom information was 
self-reported (S) or reported by others (O) by levels of various factors studied 
(with result ‘of age-standardised significance tests of differences in distribution) 



Factor studied/ 
Level at factor 


tJAIH BMOKIHG GROUP 
Never eHOkod 

Uan. clgB, only 1~12 $ day 
13-32 a day 
23t- a dfly 

UlKud Huokera 
Other awokora 
B ic-aaokor a 

P .</ 

FILTbH/PMIN (Man. Olg, only aMokora) 

Plala 133 

Filler 379 

p H< 


Not aig 


imiALiKn UAD1T3 <UH|i. clg, only SJtOlcor*) 

Lot I 

Fair Amount HO 

LlttJo 80 

Nona 30 

p Hot slg 


FoBiala 

Factor atudled/ 

Hata 

0 

0 

Lavftl ot (actor 

a 


0 



SOCIAL CLASS 




880 

678 

I + It 

110 


184 

304 ■ 

178 

HI 

813 


717 

307 

200 

IV 

28V 


233 

OS 

88 

V 

laa 


162 

- 

- 

Otbar 

loa 


00 



Uouaevitf 

- 


- 

lao * 

OS 

P 


<0.05 


Not alg 


COFFEE (cupa Par day) 






Noap 

839 


613 

lOO 

68 

1-8 

614 


729 

687 

382 

e«- 

81 


71 

Not aig 


p 


Hot alg 




TEA (cupa per day) 




202 

138 

Nona 

13 


63 

laa 

133 

1-8 

floa 


704 

201 

120 

Of 

6U 


868 

136 

72 

P 


Hot pig 


Not alg 


■ — . 1 ■ ..-.' 






^o^e 9 S 9 o^ 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 















Supplement to.Tables In Section I.10b; numbers of living people for whom information was 
self-rejidrted <S) or reported by others (0) by levels of various factors studied 
(with result of age-standardised significance tests of differences in distribution) 


Factor studied/ 

Ldv« 1 of factor 

Half 

Fenals 

Factor studied/ 


?»Ba1e 

a 

0 

a 

0 

Level of factor 

a 

0 

6 

0 

Alx:OHOI. FHEQUENCY 





MOnNlNQ COJOU 





Uoat Jaya/3-3 Utaea ^ VpAlt 

703 

761 

330 

300 

Usually couiba flrat thing 

404 

440 

3 17 

185 

Oiico a woctc/Oncp a month 

2fie 

330 

418 

280 

a.n. in winter f sumaer 





l.oBM ofton/Hot at *1] 

' saa 

335 

1033 

626 

Does uot 

846 

863 

1643 

901 

P 

Mot 

slg. 

Not 

alt. 

P 

Hot 

HU* 

Hot 

a Ig . 






DEATH or DEl.ATIVB 





DPTHK USUALLY TAKEN 










Bpor 

9DQ 

iiH 

604 

300 

Close relative died of 










hronchltls, caacerp heart 

471 

402 

784 

360 

Mot boor/noa-drlokor 

360 

301 

1366 

7sa 

attack or stroke 





P 

Mot 

4lK< 

Not 

0iE. 

Did not 

773 

816 

lOQO 

B07 

Spirits 

Pi 

100 

320 

170 

P 

Hot 

slg, 

<0. 

001 

Hot ap 1 rtta/aoD-drlnker 

1160 

1316 

1630 

000 











RXPOSUnE TO rUUKS 





P 

Not 

ilK. 

<0, 

.1 











Ever exposed to gaq or funes 

406 

364 

74 

33 

Vino 

119 

136 

405 

366 











Hot exposed 

B44 

10S4 

1784 

1144 

Not wloo/noit-drlnkor 

1131 

1370 

1404 

933 











P 

<0,( 

DOl 

<0. 

1 

P 

Not 

fig. 

Not 

*!»♦ 











EXPOSUDB TD DUST 




■ 

flL'JiaiBE TAKEN ' ' 















Ever worked In dusty Job 

721 

046 

280 

104 

A lot 

431 

473 

673 

305 











Never worked 

628 

76a 

1691 

1073 

Uodo ra 

484 

670 

807 

406 











P 

<0 J 

001 

<0. 

001 

Llttla or none 

333 

364 

480 

314 






P 

Hot 

0I9. 

Not 

04g. 

POLLUTION LEVEL AT HOUE 










AODIlESa* 





OUEStTY INDEX 















Ulgh 

116 

164 

S3S 

102 

>3.fl 

aaa 

426 

486 

257 

Interaedlato 

827 

649 

735 

46 S 

3,2 - 3.a 

683 

673 

748 

460 

I>QW 

316 

22B 

280 

222 

<3.a 

363 • 

340 

663 

403 

P 

Hat 

•‘g. 

<0. 

001 

P 

Hot 

pU- 

-<0.03 







* Eiitliii«t«n AVAllublp for T«4i0«l(io C.a. o»l)f 


Z0lTE9e90Z 


Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 
















TABLE F5 

Supplement to Tnbles in Section I,11j numbers of decedents and In the living 
population by other aspects of the smoking habit 



Docodents 

Llvlug 

Factor Hludtoii/ 

Lovol of fuctor 

Mala 

1 Fowals 

Hale 

Fum u 1 a 












tuog 

Ctirool o 

Coronary 

Cerobro- 

Lung 

CUroo to 


39-04 



Cancer 

aroncUl11 a 

Ueert Die. 

vawcular Die. 

Cancer 

Brondi 1 tie 

GS t 

DKTAna;i> eiJOKlHU onoup 









—.- ■ -I 


Huvtir 

an 


«1 


87 

41 

120 

CIO 

488 

1636 

Man. clj{. only nwoWar* - 

lie 

81 

138 


SB 

71 

49 

eio 

43 a 

oaa 

Mmh. citf, only AHokor* - 
pl*to 

31B 

147 

187 


91 

31 

26 . 

320 

847 

170 

llAiid-rol lad only 

3a 

14 

88 


7 

- 

- 

»47 

133 


Pipe only 

33 

47 

86 


11 

- 

- 

116 

66 

- 

Cigars ouly 

0 

a 

3 


0 

- 

- 

26 

22 


Ulaad '■’olborM'' Only 

4 

a 

B 


1 

- 

■ 

37 

31 


Uan. ciga. aiiJ "ofhorii** 

ca 

?a 

68 


84 






flCrf 


** 

-H. 

831 

1 B6 

- 

Uan, clyg. now, "othern” 


11 

13 









0 


1 

— 


31 

34 

- 

iUiid-rollocl now, nan. 

17 

17 

83 







- 

oIga. once 


10 


- 

44 

36 

- 

Pipe now, wan. dye. , 



6 








onco t 

7 

7 


6 


! 

39 

17 

“ 

cigar now, uau. clga 

1 










□ UC4} 

0 

4 





SO 

26 

- 

Itlxed ''otharB** now. 



S 








wan, ctga. once 

0 

1 



" 

- 

19 

17 


Xg-ttaoVeru of nan. ct£M.. 



• 








only 

Tiavu ii}i { 1 yourn ago 

‘ as 

84 

13 


11 

4 

7 

108 

B1 

110 

Have up 6-6 yours ago 

, n 




B 

1 

a 

43 

31 

36 

Qmvo up 8-16 years s^o 

Qavu up 18f yanra ago 

la 

78 

10 


7 

1 a 

16 

as 

69 

] "• 

a 

80 

11 


4 

J 

s 

66 

44 

Total 

aa 

81 

43 


87 

7 

aa 

807 

221 

258 

Oltior ea-uwukura 

87 

39 

24 


8 

- 


181 

se 

- 




Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 












TAUiJ*: ra ccontinuecl 


1 ) 


Supplement to Tables in Appendix A; numbers of decedents and In the living 


population by other aspects of the smoking habit 



Decedenta 

Living 

Factor studied/ , 

Halt 

Fenala 

Uale 

Feiaa le 

Level of factor 

Lunt 

Cancar 

Chronic 

OronchltlB 

Coronary 
Heart Dla. 

Cerebro- 
vaflculnr Dli. 

Lunc 

Cancer 

Chronic 
Dronchltia 

301 

35-04 

30t 

TYPE or ItAltUF/CTUtED 
CIGARETTE CUnSENTLY 

SMOKED 









• 


Pla In ~ small 

tie 

82 

63 

‘ 

42 

14 

16 

143 

103 

D3 

- madlum/large 

87 

53 

68 


48 

13 

a 

187 

129 

70 

Filter - nltil / enall 

IB 

22 

27 


6 . 

16 

13 

102 

ae 

310 

“ Intermediate/ 
nodium 

88 

00 

101 


48 

« 

&0 

36 

417 

3sa 

643 

“ klOK-Blie 

8 

8 

8 


6 

3 

4 

* 07 

ao 1 

131 

HUMUER OF MAMUFACrynED 
ClGAHErrRS CURRENTLY 

SMOKED 











1-7 

24 

41 

24 


14 

12 

9 

88 

63 

105 

B-ia 

52 

58 

40 


34 

IQ 

16 

168 

126 

291 

10-17 

37 

10 

35 


10 

la 

6 

116 

96 

177 

18-22 

88 

68 

77 


34 

2Q 

IS 

313 

276 

344 ‘ 

23-27 

22 

14 

IB 


7 

1 

3 

63 

60 

43 

2a-32 

43 

26 

20 


to 

11 

10 

76 

68 

67 

3:)- -17 

44 

1 a 

32 


22 

0 

to 

81 

75 

38 

let 

22 

11 

11 


6 

a 

3 

37 

27 

3 

IHiiALlNQ 1IAD1T3 X 

AMOUNT SMOKED 











1-12 a day - None 

14 

14 

7 


4 

0 

0 

42 

28 

135 

- Little 

20 

23 

ID 


16 

13 

a 

74 

58 

186 

- Fair anount 

40 

21 

17 


12 

lO 

3 

84 

66 

00 

- Lot 

23 

22 

10 


10 

3 

6 

53 

3» 

SO 




Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 


TABLE F5 (continued - 2) 


Supplement to Tables in Appendix A; numbers of decedents and in the living 
‘ population by other aspects of the smoking habit 



Decedonta 

Living 

Fsctor atudlad/ 

Ual« 

Fannie 

‘ Uala 

Fean t e 

tevei ot Xactor 

Lung 

CUroDic 

Coronary 

Caretiro- 

Lung 

Chronic 

ast ■ 

35-64 



1 Cancer 

Broach it la 

Ueart Dla. 

vaacular Dla. 

Cnacar 

Bronchlil a 

35*- 

IHUALING JIAQITS X 

AUGUST SUOKUO (cunt1nuud) 











13~aa n day ~ Noaa 

3 

6 

6 


0 

7 

3 

25 

16 

60 

- Little 

e 

7 

13 


3 

7 

1 

60 

60 

IIQ 

t Pair Asouat 

46 

21 

48 


IQ 

1 13 

7 

129 

115 

> 167 

" Lot 

6fi 

38 

47 


27 

16 

lb 

200 

184 

174 

23i- • day -- None 

4 

4 

6 


0 

1 

2 

7 

4 

13 

- Llttla 

la 

4 . 

7 


6 

6 

0 

24 

20 

le 

- fair A^auct 

30 

12 

10 


19 

6 

7 

63 

60 

3S 

- Lot 

81 

46 

164 


27 

14 

16 

163 

144 

84 

All nao. — None 

21 

23 

17 


4 

13 

14 

74 

48 

207 

- Little 

fiMokuro 

40 

30 

39 


24 

26 

S 

167 

126 

321 

- Fair Aiaount 

82 

02 

82 


SO 

20 

16 

206 

231 

3Ql 

. - Lot 

16Q 

106 

217 


84 

33 

30 

416 

367 1 

317 

ASK OV STAIITIHO TO SUOKB 

X AUOUHT 3U0ICE11 











1-12 A day - <1Q • 

10 

7 

3 


4 

1 

0 

37 

22 

28 

•* IS-IB 

61 

04 

28 


24 

13 

7 

244 

03 

1 00 

- 20-34 

21 

8 

0 


e 

4 

0 

74 

40 

90 

- 25»^ 

10 

0 

6 


s 

10 

13 

23 

32 

167 

13-22 a day r- <15 

16 

14 

9 


0 

4 

0 

70 

47 

51 

- lS-19 

61 

30 

68 


28 

18 

6 

244 

227 

! 253 

- 20-24 

21 

10 

19 


1 

7 

9 

74 

63 

109 

- 26^ 

10 

3 

0 


3 

11 

a 

23 

17 

89 




Source: https://www.industrydocuments.ucsf.edu/docs/tjmkOOOO 






TABLE F3 (continued - 3) 


Supplement to Tables in Appendix A; numbers of decedents and. In the living 
population by other aspects of the stacking habit 



Ddcatlan t« 

Llvlas 

i'acLor aluillod/ 


Ub1« 


♦ 

FaaBlo 

Uala 

Eopnule 

Level ot factor 

LllDg 

Cancor 

Chrotttc 

OroncbitlB 

Coronary 
tlaarf Dl>. 

Corabro- 
-va Acul ar Dls , 

Lun K 
Ctncar 

Chronic 
Bronchitla 

r 35+ 

35-64 

35 + 

AClg OF 8TART1N0 TO BUOkB 

X AMOUNT SUCKED {continued) 
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2 

4 

58 
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1 
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34 
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26 
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16 

6 

16 

4 

7 

4 

35 

33 

30 
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3 

7 

4 

6 

5 
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S 

18 
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*4 

36 

29 

22 

7 

4 
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119 

109 

. - 15-19 
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116 
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76 

39 

21 

4aa _ 
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504 

- 20-21 

62 

23 

46 

11 

la 

0 
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229 
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34 

15 

22 

13 

27 

26 

75 

B7 
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47 

62 

10 

41 
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431 
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66 

31 

33 

23 

279 

216 
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79 
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34 

41 

27 

518 
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76 
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36 

20 

24 
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61 

30 

62 

21 

- 
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- 
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24 

- 

- 
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326 

- 
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TABLE F5 (continued - 4) 


Supplenent to Tables in Appendlsc A ; numbers of decedents and in the living 
population by other aspects of the smoking habit 
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86 
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40 
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727 
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97 
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37 

33 
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27 

21 

-325 
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99 
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30 

61 


31 

- 

- 
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- 
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71 
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21 

- 

- 
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- 
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10 

33 
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TABLE ire 


Supplement to Tables in Appendix B ; numbers of decedents and in the living 
population by some .personal and environmental factors 



Oftcedents 
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Factor (tudl«d/ 
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77 
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4 
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7 

6 
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0 
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92 

82 

93 

1-5 

303 

267 
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88 
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318 
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38 

41 
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85 

66 
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50 

28 

29 
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562 
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• 65 

87 
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413 
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S03 
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231 

53 

58 
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1719 
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107 

123 

101 

54 

04 

ISO 

534 

3f.5 

1952 

Spirits 

53 

51 

58 

38 

29 

38 

244 

206 

644 

Hot spirits or ao«~drlnk«r 

560 

478 

513 

249 

121 

ISO 

2318 

1678 

2312 

Wine 

17 

13 

18 

18 

25 

31 

173 

134 

482 

Hot vine or noo-drloker 

569 

518 

SS3 

269 

125 

187 

2389 

1050 
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TADLE FC (continued - 1) 


Supplement to Tables in Appendix B ; numbers of decedents and in the living 
population by some personal and environmental factors 



Decedents 
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Hale 

r eiaV 1 • 
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33-04 
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2S0 
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. B9 

67 

62 
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788 

906 
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214 

.L6J 

ina 
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63 

86 

1014 

618 

1273 
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147 

224 

178 

83 

29 

100 

874 

4b B 

774 
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>3.6 . 
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91 

203 

103 

30 

58 

782 

630 

7 34 

3.2 - 3.6 
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248 
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43 

5S 

1216 

1023 

11 B6 

■<3.2 
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173 
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47 

86 

ea 
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83 
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81 

03 

1730 
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. 
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76 

98 
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233 
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00 

iia 
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1300 

1823 
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18 

3'. 
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3 

1 

a 

63 

01 

74 
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22 

38 

24 

i7 

0 

12 

127 

107 

161 

Heart Attack 

D2 

32 

124 

40 

13 

11 

230 

228 

279 
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27 

21 

37 

42 

6 

4 

111 

68 

172 

Other Cancer 

78 

42 

70 

30 

2& 

10 

276 

230 

307 
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Supplement to Tables in Appendix B; numbers of decedents and In the llvtrig 
population by some personal and environmental factors 
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17 

40 

7 

8 

7 

10 

31 

14 
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74 

30 

10 
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66 
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11 
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03 
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8 

e 
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1823 
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23 

28 
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1027 
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27 

17 

0 


- 

06 

37 


OUiar mine 

17 

30 

20 

0 

- 

- 

06 

36 

- 

FoiinJry 


73 

06 

30 


“ 
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- 
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-a 

1 

a 

0 

- 

*- 

14 

13 

- 

0 til or duaty Job' 
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~ 

- 

1029 
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- 1 

pOl.LUTtOH LEVEL AT ItOUB 
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llfl 

J2Q 

93 

41 

30 

40 
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196 

320 
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216 • 
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90 

M 

79 

1040 

842 

117 0 

Low 

107 

68 

03 

46 

26 

30 

362 

204 

493 


-» Bstiantea nviill«ble tot TaeoBldo C.D. only 
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CANCER OF LUNG RELATED TO SMOKING BEHAVIOR 

Saxon Graham, PhD 


Detailed observations of the minutiae of smoking behavior of humans suggested 
the existence of wide variations in this behavior. Simulation of these various. 
models of puffing behavior on an analytic smoking machine showed that signifi¬ 
cantly different amounts of tobacco tar were retrievable for each. Lung cancer 
and control patients were then observed to determine whether and the extent 
to which the cases cxlnhlted high tar-yleld smoking models. It was found that 
ri.sk of lung cancer increases with the mean nu mber pf pnffs taken per cigarette 
and with increases in the ave mgc length ot time taken to .smoke a ciga vcctc 
regardless of age or amount smoked per dxiy. This wa.s also generally true when 
analyses were carried out specifically lor variaCions ih the number of puffs taken 
per cigarette. Tlie exce])tion to this was observed only where the largest number 
of puffs were taken per cigarette. Fjnally, it wa s shown that taking more puffs 
t owards the end of a cigarette^ enta ili a higTiet ris k_than puffing regu larly, and 
that the most frequently exhibited puffing patterns, puffing most often at the 
b eginni ng , carried the lowest risk.^i tVe suggest that if these results svere upheld 
in future replications, further evidence w’ould be at hand of a dose-respon.se re¬ 
lationship linking lung cancer and exposure to tobacco tar. Furthermore, these.’" 
data would suggest (hat smokers could lower their risk by taking fewer puffs per 
cigarette, taking them shortly after lighting up, and smoking with only short 
intervals between puffs. 


A GREAT DEAL OF RESEARCH ON VARIOUS 
populations Utilizing various study de¬ 
signs has shown increased risk of lung cancer 
with increasing exposure to tobacco smoke. 
Thus, increases in risk have been related to 
increases in daily amount smoked and dura¬ 
tion of smoking in years. Tliis led us to ex¬ 
amine the dose-response relationship in a dif¬ 
ferent way. Our detailed observations of 
individuals smoking cigarettes revealed 
ratlier wide variations in smoking behavior 
patterns. Simulations of these variations via 
analytic smoking machine showed that sub¬ 
stantial differences in tar yield are character¬ 
istic of the different models of behavior.* In 
view of the relationsliip of increasing lung 
cancer risk with increased amount smoked, 
one .would hypothesise drat individuals ex¬ 
hibiting •smoking patterns which'are high in 
tar yield would also have higher risks of •lung 
cancer. ‘ • 
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If the hypothesis were upheld, dose- 
response evidence of a different kind would 
implicate tobacco tar as a carcinogen. 
Equally important, if certain smoking meth¬ 
ods tvere found to characterize cases more 
than controls, information might be at hand 
out of which measures to reduce risk could 
be fashioned. A large proportion of even 
heavy smokers do not develop lung cancer. 
A study of smokers who do and do not de¬ 
velop lung cancer could be useful in develop¬ 
ing further knowledge of factors predispos¬ 
ing to and protecting against lung crancer. 
Such study could involve inhalation pat- 
terms, differences in brand smoked, and many 
other facets of behavior. Our present con¬ 
cern was with risk as related to models of 
smoking behavior-which we had, previously 
examined by smoking 1 machine; specifically 
patterns of puffing exhibited throughout the 
time during which cigarettes are smoked. 

Observations of individuals smoking ciga¬ 
rettes in public places such as hotel lobbies, 
bus, railroad, airline, and hospital waiting 
rooms and wards in the Buffalo area, re¬ 
vealed that a number of variations in be¬ 
havior are commonly exhibited. There were 
large differences in the number of puffs taken 
on given cigarettes by snookers, in .the length 
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of time taken to consume the cigarette before 
extinguishing and in the length of time 
taken to smoke a given number of puffs. 
Moreover, puffing frequency varied at dif¬ 
ferent stages in smoking a given cigarette. 
The patterns observed could he divided into 
three: puffihg at ■ approximately equal fre¬ 
quency throughout the life of the cigarette, 
puffing slowly at the beginning and increasing- 
the frequency towards the end of the cigarette, 
and puffing frequently at the beginning, with 
g^dual diminution in frequency toward the 
end. Observations of smoking behavior showed 
that given individuals exhibited a given puff¬ 
ing pattern fairly consistently from one cig¬ 
arette to another. 

These observations led us to simulate the 
various puffing models via the Ecusta smoking 
machine to determine whether or not tar 
yield varied among the different models.^ 
Several kinds of experiments showed that: 

1. More tar is retrieved when a given 
number of puffs are smoked over a long 
rather than a short period of time, 

2. Taking most puffs at the end of the 
cigarette results in the largest tar re¬ 
trieval, 

3. Puffs taken at, regular intervals 
throughout the life of the cigarette give 
the next largest tar yield, and 

4. Taking most puffs at tlie beginning 
of smoking a cig;arette gives the smallest 
tar retrieval. 

It was found, in addition, that puffs taken 
at the end of a cigarette yield about twice the 
amount of tar of puffs taken at the begin¬ 
ning. All of these differences were statistically 
significant. The finding that puffs taken on 
shorter butts result in higher tar retrieved is 
consistent with the findings of Lindsey,s Kotin 
and Falk,2 and Wynder and colleagues^-® on 
related questions. These findings may be re¬ 
lated to the fact that puffs taken on. shorter 
butts have bden 'therefore subject To less' fil¬ 
tration and contain more tar as a result. Slow 
smoking for given numbers of puffs rather 
than fast smoking would result in shorter butt 
length for each puff subsequent to the’ first, 
providing less filtration and more tar yield. 
This is because more of the cigarette is burn¬ 
ing between puffs in slow smoking. Puffing 
more frequently at the eud of the cigarette 
than at the ,beginning implies that more puffs 


are taken on a shorter butt length than 
would be true were the larger number of puffs 
taken at the beginning, providing less filtra¬ 
tion per puff and greater tar yield. It should 
be noted that although the differences in 
amounts of tar retrieved from various models 
of smoking behavior by the Ecusta machine 
were of small magnitude, they, were relatively- 
of substantial size. Puffing, frequently at the'^ 
end of the cigarette resulted in 7,4% greater 
tar retrieval than puffing regularly, and 21.0% 
more than puffing most at the beginning. 
Sloi^' smoking resulted in 24.2% greater re-, 
trieval than fast smoking. The exposure of 
lung tissue over many years to even moderate 
excesses in amounts of tobacco tar frorti each 
cigarette smoked could result in a significantly 
lai^r agg;regate exposure. 

Methods 

Once we had observed that there were 
certain regularities in individual smoking be¬ 
havior, we initiated the smoking machine 
studies and studies on humans. The latter 
consisted in observing individuals smoking 
cigarettes. Using stop-watches, observers be¬ 
gan timing the moment the flame was touched 
to the cigarette end and concluded timing at 
the moment of extinguishing the cigarette. 
The number of puffs taken in each two- 
minute interval throughout the period of 
smoking the cigarette were recorded as they 
were taken, and at the conclusion of smoking 
a graph was drawn to indicate the smoking 
pattern for that cigarette. Observations on 
each cigarette were recorded on a card which 
is exhibited below. 

The observations on which these data were 
based were obtained on male patients in one 
solarium at Roswell Park Memorial Institute. 
The solarium was used by individuals with 
a variety of disorders; all were observed with¬ 
out prior knowledge of diagnosis or under¬ 
standing as to whether the patient had or 
. had-not recently undergone surgery. After- the 
■ study was concluded, the patient's- chart ^vas' 
examined to determine his diagnosis and 
whether on the 'date and time of observation 
he had recently had surgery. It was felt 
necessary to ascertain this so that post-opera¬ 
tive patients could be analyzed separately 
from those observed prior to surgery: it was 
felt necessary to do this because of the pos¬ 
sibility that smoking behavior may alter after 
sui^ery. The findings reported in this paper 
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are based on pre-operative observations on 
183 men with lung cancer and 161 males with 
diseases which do not involve the respiratory 
system or possibly tobacco-related diseases, such 
as peptic ulcers. 

As noted above, the research assistants made 
their observations blindly .without knowing 
diagnosis or operative status of the patient:' 
Tliey were carefully trained to assure con¬ 
sistency in observation. It was found in pre¬ 
tests of the study design that tliere was some 
variation in observer records of puffing and 
other behavior. Because of this, studies were 
•instituted under which'all three-research assist- • 
ants would observe the same patient smoking 
the same cigarette. Subsequently, the • rec¬ 
ords of the assistants were compared and dis¬ 
cussed among them and the inaccuracies in 
one or the other pointed out. Corrections 
were then made in interpretations as to when 
puffs were taken and other aspects of the 
observations. This procedure was continued 
until there was no longer any difference in 
the observations of the researcli assistants. The 
data reported here were gathered subsequent 
to this pre-test. In some of the analyses de¬ 
scribed below, age and amount smoked are 
taken into consideration. The information 
on which this was based was gathered in the 
interviews given all patients immediately 
after admission to the hospital. These were 
conducted by trained interviewers without 
knowledge of symptoms or diagnosis of the 
patients. The quality of their work was 
checked periodically by analysis of tape re¬ 
cordings of their interviews. 
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Fig. I. On one side of the cigarette smoking obser¬ 
vation card, a mark was made for each pulT taken 
in each 2 min interval. Thus, in smoking this cigar¬ 
ette, the smoker puffed six times in the first 2 min 
and once in the second two min. 


We are extremely grateful to Dr. John E, 
Dowd, Statistician of the World Health 
Organization, Geneva, who designed our 
computer program. 

Table 1 shows that the majority of patients 
were observed more than once. Indeed, over 


Fig. 2. After com 
pletion of observations 
on one cigarette, a 
graph of the smoking' 
pattern was draivn 
using the information 
recorded on the re¬ 
verse of the observa¬ 
tion card as shown in 
Fig. 1. 
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Table I. Numbers of Observations on 
Cases iinrl Controls 


No. of 
observations 

Cases observed 

Controls observed 

Nn- 

% 

No. 

% 

I 

27 

14.8 

34 

21.1 

2 

27 

14.8 

23 

15.5 

3 

16 

8.7 ■ 

13 

8.1 

4 

20 - 

10.9 

12 

7,4 

5 • ■■ 

r4 ■ 

7.7 

"•’IS ■ 

11.1 

6-10 

42 

23.0 

3^- 

21.9 

11-15 

18 

9.9 

6 .... 

. 3.8 

15 + 

19 • 

10.2 

18. 

II.1 

N' 

183 

lOO.O 

161 

100.0 

X 

6,78 


5.96 


SD 

6.99 


8.31 


SR 

1.35 


1.60 


Total . 

1371 .. ■ 


.1114,,- 



10% o£ both cases and controls were observed 
smoking 15 or more cigarettes. About 80% 
of each were observed smoking 2 or more 
cigarettes. There was no significant difference 
in the mean obsert^ations taken for king can¬ 
cer cases and controls. A total of 1371 obser¬ 
vations were made on the 183 cases and IIH 
observations on tire IGl controls. The distri¬ 
bution of lung cancer cases as compared to 
controls on amount smoked per day tvas ap¬ 
proximately what would be expected on the 
basis of previous research. Thus, of the total 
cases, a substantially larger percentage (47. 
5%) smoked over one pack of cigarettes per 
day than was true of controls (28.6%). 
Smoking distributions by age were similar. 

Findings 

In general, the findings as to risk of lung 
cancer were those hypothesized on tlie basis of 
the smoking machine studies described above. 
Patients exhibiting smoking patterns which 
on the smoking machine experiments yielded 


large amounts of tar had higher risks of lung 
cancer. Furthermore, as tlie amount of tar 
retrieval associated with a given smoking 
model increased, so did risk of lung cancer. 

- Table 2, for example, shows that as the 
average number of puffs per cigarette taken 
by patients increases .so, does risk of lung 
cancer. About 35% of. lung cancer patients- 
took ten or more puffs per cigarette, on the 
average, as compared to about 30% of controls. 
Making the ratio of the percentages smoking 
various numbers of puffs relative to the ratio 
of the percentages smoking the smallest nura- 
. ber of puffs, we find that relative risk of lung 
. cancer increases! with the .number- of .pulfs 
taken per cigarette in fairly regular fashion. 
If it is assumed that exposure to tobacco tar 
increases as number of puffs taken per ciga¬ 
rette increases, and if exposure to tar is 
associated with lung cancer, this finding is in 
the expected direction and suggests a dose- 
response relationship reminiscent of the in¬ 
crease in risk associated with increases in 
daily amount smoked. This finding suggests 
that our analysis of puffing patterns over time 
should be conducted in categories specific for 
various average numbers of puffs per ciga¬ 
rette as well as for categories of daily cigarette 
consumption. 

A preliminary examination of our first 
hypotliesis, that the longer the period over 
which cigarettes are smoked, the greater is 
the lung cancer risk, is shown in Tables 3a 
and 3b. Note in Table 3b that the risk increases 
directly as the mean number of minutes taken 
to smoke cigarettes increases. The risk for 
subjects under 60 years of age smoking from 
6,0-7.99 minutes is 1.35 times higher than 
that for subjects smoking over shorter periods 
on the average. Tiie risk increases to 1.43 
for tltose taking 8,0-9.90 minutes to smoke 
cigarettes, and it is 3.00 for those who on the 


T.abi.c 2. Mean PtifTd Taken per Cigarette, by Cases and Controls 


■ » ■ ■ » 

Mean puffs 

Cases 

Controls 

- Cases/ 
controls 

' Risk " • ■ 

relaEfve to 

2.0-5.9 puff’s 

X 

No. 

% 

No. 

% 

.73 ’ 

2.0-5.999 

20 

10.9 

24 

14.9 

.73 

1.00 

6.0-7,999 

55 

30.1 

45 

28.0 

1.08 

1.48 

8.0-9.999 

43 

23.5 

43 

26.7 

.88 

1.21 

10.0-11.999 

33 

18.0 

26 

16.1 

1.12 

1.53 

12.0-33.999 

32 

17.5 

23 

14.3 

1.22 

1.67 

Total 

183 

100.0 

161 

100.0 
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Table 3A. Mean Number of Minutes Required to Snioke One Cigarette, Cases and ,Controls, by Age 


Mean min taken 
to smoke cig. 


<60 yr 



60 yr and older 



Total 


Cases 

Controls 

Cases 

Controls 

Cases 

Controls 

No. 

% 

No. 

% 

No. 

. .. % 

No. 

% 

’ No. 

% 

No. 

:% 

2'.0-5.99 : 

12 

12.1 

19 

17.9 

■9 

10.7 

.11 

20.0 

21 

11.5 

.30 

18.6 

6.0-7.9,9,-- 

31 

31.3 

. 36 

. 34.0- 

26 

31.0 . 

. ‘13-■ 

23.6 

.57- 

3r.i 

. 49- 

■ 30.4; 

«.0-9'.99 

37 

37.4 

41 

38.7 

31, 

■ 36.9 

23 

.41 .8 

68 

37.2 

64 

. 39.8 

10.0-15.99 

19 

19.2 

10 

9.4 

18 

21.4 

8 

14.6 

37 

20.2 

18 

11.2 

Total 

99 

100.0 

106 

100.0 

84. 

_ 100.0 

55 

lOO.O 

183 

100.0 

161 

100.0 


^times that for thje shorter period -of smoking 
in each category of mean puffs taken from 
less than 7 to 9.0-9.9. It is interesting that the 
risks for those smoking 10.0-10.9 puffs on the 
average are almost identical, and that a re¬ 
versal of effect is seen for tliose taking more 
than 11 puffs. We suggest that this may be 
related to the fact that in order to take, for 
example, 12 puffs in 10 minutes, it is neces¬ 
sary that tliey be of very small smoke volume, 
so small that it is possible that only small 
amounts reach the lungs. A substantially larger 
smoke volume is possible if the 12 puffs are 
taken o\’er a shorter period, for example, 6 
minutes, thus possibly increasing exposure of 
the lungs substantially and raising lung 
cancer risk. This, of course, is a tentative sug¬ 
gestion only, and its validity should be ex¬ 
amined in future experiments utilizing dif¬ 
ferent volumes of puffs on smoking machines 
as Well as case-control observation. 

Table 6 examines the related question as 
to whether risk of lung cancer increases with 
inaeases in the number of puffs taken towards 
the end of the cigarette. It will be recalled that 
smoking macliine studies of three models of 
cigarette puffing showeii the least tar re¬ 
trieval from cigarettes ])uffed most frequently 
at the beginning of the smoking jjeriod, an 


Table 3B. Relative Risk Associated with Vtirratlons-in'Average Time Required 
to Snioke Cigarettes, by Age - 


Mean min taken 
to smoke cig. 

<60 yr 

60 yr and older 

Total 

Cases/ 

controls 

Risk relative 
to that for 

2.0-5.9 min 

X 

.68 

Cases/ 

controls 

Risk relative 
to that for 

2, 0--S. 9 min 
X 

.54 

Cases/ 

controls 

Risk relative 
to that for 

2.0-5,9 min 
X 

.62 

2.0-5.99 

.68 

1.00 

.54 

1.00 

.62 

i.OO 

6.0-7.99 

.92 

1.35 

1.31 

2.43 

1.02 

1.65 

8.0-9.99 

.97 

1.43 . 

.88 

1.63 

.93 

1.50 . 

10.0-15.99 

2.04 

3.00 

1 .47 

2.72 

1.80 

2.90 


ai’erage took ov^er. ten minutes. The risk for 
those over 60 increases in a similar but not 
as regular a fashion. 

This could be a function of daily number 
of cigarettes smoked if we grant that amount 
smoked is related to average number of min¬ 
utes spent smoking each cigarette. There is 
no reason to suspect that this is true, and 
Table 4, whicli examines the question by 
amount smoked, shows roughly the same 
thing as previously observed. Thus, risk in¬ 
creases more or less regularly with average 
minutes smoking per cigarette for those con¬ 
suming one pack or less of cigarettes per day 
and for those smoking more than one pack 
per day. The increases in risk are more regu¬ 
lar and the elFcct is more enhanced in the 
grouj) consuming the larger amount of cig¬ 
arettes per day. 

We have already seen that risk increases 
with mean number of puffs taken per ciga¬ 
rette making it necessai 7 to analyze, speed of 
smoking by number of puffs taken. Table 5 
examines the risk for those taking less than 
8.0 minutes to smoke a cigarette, on t!ie aver¬ 
age, and those taking 8.0 minutes or longer 
specifically Iiy mean number of pull’s taken per 
cigarette. Observe that the risk for the longer 
period of smoking ranges from 1.38 to 2.34 


Source: https://www.industrydocuments.ucsf.eclu/docs/tjmk0000 










